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Abstract 
Visual memory as traditionally defined is a confound-
ed mea,sure, intercorrelated with visual processing abili-
ties of discrimination and copying. In this study visual 
memory performance was conceptualized to exclude the ef-
fects of copying disabilities. The derived measure of 
visual memory was the difference between a reproduction-
from-memory score and the score obtained on an equivalent 
copying task. Copying was considered a complex function 
including discrimination and visual-motor integration. 
These definitions were necessary to separate out the fac-
tors in visual memory assessment and t~us provide for a 
. .· l • · 
differential diagnosis of visual processing disabilities. 
Visual discrimination, copyiLg and reproduction-rrom-
memory measures were hypothesized to be intercorrelated, 
reflecting the confounding of the measures, ?nd since 
discrimination, visual-motor integration and visual 
memory were defined as separate abilities, they were not 
expected to be correlated. In addition hypotheses were 
made concerning the effects of sex, age and intelligence 
level of the child and sex of the examiner upon discrimina~ 
tion, integration and memory. A test battery was adminis-
tered to 320 white elementary school children divided 
equally into groups for levels of sex, high and average 
IQ, and eight age groups, 6 - 10. Half the children 
were administered the test battery by male examiners, half 
by female examiners. Previous research demonstrated sig-
nificant effects of motivation on visual processing 
measures. Therefore, all tests were administered under 
motivating conditions, the promise and immediate payment 
of one penny for each correct _response. 
The tests consisted of a visual discrimination test 
prepared by the author, the copying administration of the 
Revised Visual Retention Test (Benton, 1963) and the re-
production administration of that test. Using a paired 
comparison administration format, the discrimination test 
was designed to approximate the errors possible in the 
other two test conditions. 
• Results indicated that measures of discrimination, 
copying and reproduction were intercorrelated suggesting 
that they are confounded measures of separate abilities. 
The discrimination measure and the derived measures of 
visual-motor integra _tion and visual memory were not inter-
correlated indicating that separate abilities are being 
measured. Norms were established for these measures under 
motivating conditions to facilitate differential diagnosis. 
The hypothesis that sex of the child would make no 
difference on any of the measures was accepted. · The sex 
of the examiner, however, influenced the measure of visual 
.memory in that children made more errors with female 
e.xaminers. 
Age of the child effected the measures of discrimina-
tion and memory but not the derived visual-motor integration 
measure. Intelligence of the child effected only the dis-
crimination measure in that above average children made 
fewer errors than average children. • 
The finding of no significant main or interaction 
effect for the derived visual-motor integration led to 
the conclusion that integration may be a constant factor 
in elementary school children. 
Norms reflecting these significant findings of as-
sessment condition effects were presented for all the 
.measures under motivating conditions. These norms on 
both the traditional and derived measures, since they 
help to specify the nature of visual processing, should 
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Chapter I 
Statement of the Problem 
Introduction 
1. 
A particular focus of concern recently in school 
psychology has been the area of visual memory function-
ing. Carroll (1974) notes the increasing interest in 
this function and reasons that it is because of the re-
lationship between visual memory and reading problems. 
Learning disabilities, and some aspects of central nervous 
system impairment may also be related to visual memory 
functioning. Visual memory may be an important factor in 
_many areas ot the learning process since for academic 
subjects, especially reading, the child must be able to 
recall information which has been presented visually. It 
is clear that an accurate description of the child's 
strengths and weaknesses, especially in this area, may 
be helpful in understanding how a child functions in re-
lation to his learning environment. 
One of the problems in visual memory assessment re-
volves around the functional complexity of the test in-
struments. Conventional tests of visual memory require 
a subject to study a series of stimulus cards ene at a 
time, each one containing one or more designs. After 
having seen it for a brief time, the person is required 
to draw what he has seen when it is removed, using pencil 
and paper for the reproduction. Such tests are function-
ally complex in that they measure not one, but some com-
bination of factors. They measure perceptual, integration, 
2. 
and motor functions as well as memory. When a subject 
performs poorly, the question is unanswered whether this 
performance reflects a visual perception disturbance, a 
visual-motor dysfunction, or a visual memory deficit. If 
a person suffers from a disturbance of visual perception 
or a visual-motor integration handicap, his visual memory 
score may be invalid (Silverstein, 1962). Typical admin-
istration of a reproduction-f~om-memory test does not 
offer diagnostic information separating out the differ-
ential effects of perception, integration and memory 
(Aliotti, 1974). 
Moreover, the difficulties that are present .in the 
area of visual memory a:ssessment are also contained in 
the assessment of the subcomponents. Most tests measur-
ing perceptual skills are confounded by a complicated 
graphic encoding requirement. And conversely, tests of 
copying are complicated with the perceptu8l factor. 
In addition, the concept of motivated testing has 
never been fully examined with regard to memory evalua-
tions of this type. At the 1974 convention of the 
American Psychological Association, a visual memory as-
sessment symposium openly recognized the lack of inherent 
motivation in visual memory tests (Fuller, 1974). In 
many instances the task is not sufficient to sustain the 
child's interest in the test, thus creating a situation 
in which both reliability and test validity are lowered. 
The application of a motivating condition in the form of 
reinforcement may be an especially important factor in 
any attempt to assess visual memory ability. , 
The lack of different ia tion of f actors in tests of 
visual memory ab i lity, as well as asses sments conducted 
under "non-motivated" conditions, may confound a diagnosis 
of visual memory dysfunction and spuriously inflate the 
incidence of visual memory dysfunction among those ele-
mentary school children referred for learning disability 
evaluations. 
Need for the Studx_ 
In the past ten years much attention has been spent 
on visual functioning by educators and ,school psycholo-
gists. Colarusso (1971) suggests that this interest re-
flects a view of perception's critical impor~ance to 
language facility and academic achievement, especially 
reading. Many training programs have been implemented 
in and out of schools for learning disabled children with 
perceptual handicaps for the purpose of remediation and/or 
compensation of the deficits involved in visual function-
ing. 
However, studies report no real effect of these 
training programs on school achieve~ent. Studies which 
report gains are too easily criticized methodologically 
(Zach, 1971). She at:tribut ·es the lack of clear cut results 
from such training programs to a lack of clear understand-
ing of the measurements used in identifying these child-
ren. Although perception is essential for learning, and 
training in perceptual skills may help in preparing a 
ehild for successful school achievement, questions remain 
4 ... 
concerning the validity of current assessment procedures. 
While there is general agreement in defining perception as 
B·n i .nformation processing system whereby input from the 
senses is translated into knowledge, operational definitions, 
determined by the instruments used, may be quite discre-
pant. Two investigators, both talking about perception, 
may in fact be measuring two different aspects. 
Need exists then for an investigation of the factors 
that are responsible for successful performance on tests 
used to diagnose perceptual deficits, such as visual 
memory. There is a need to develop a measure which as-
sesses visual memory unconfounded by other measurement 
variables. There is also need for the establishment of 
more_precise norms which control for the relevant con-
textual variables of the assessment procedure. 
Recent attempts to develop motor-free tests of visual 
memory have concentrated on multiple-choice formats for 
use with children who are developmentally unable to re-
produce the rather complex designs found on existing 
reproduction tests of short-term memory. These attempts 
are valuable in the assessment of kindergarten children, 
and children who are motorically handicapped. However, 
such tests may not be evaluating the relationship with 
visual memory as tested in the schools, since the common 
response expected in schools is a graphic one. Such 
tests also introduce difficulties of perceptual analysis 
and synthesis which in the past have complicated per-
ceptual testing (Rosenbli th, 1965; Zach, 1971 )). 
There exists a need for a comparative analysis of 
the deve lopmen t of di scrim i nation, visual-motor integra-
tion and memor y abi l i t ies to aid in the differential 
diagnosis of vis ual functi oning disorders in elementary 
school chi l dren. Such specific differential diagnosis, 
leading t o understanding the in dividual child's strengths 
and weaknesses, logically precedes the planning and con-
trols the effectiveness of remediation programs. Remedia-
tion will be successful only when the problem is accurately 
defined. This study is an attempt to define the status 
of the developmental factors underlying successful per-
formance on a test of visual memory. 
Purpose of the Study 
The primary purpose of this study is to investigate 
visual memory abilities in elementary school children. 
___ Recognizing the functional complexities of the measuring 
instrument, an attempt has been made to separate out the 
factors involved in visual memory performance. These 
factors include discrimination and visual-motor integra-
tion. 
In addition to the confounding variables with the 
test itself, an investigation . was made concerning the ef-
fect of environmental variables which ih the past have 
been seen as factors affecting performance. Thus, there 
was consideration of the relationship between the sex of 
the experimen t er, t he sex, age, and intelligence category 
of the child and the measures of visual functioning: : 
discrimination, visu al-motor integration and visual mejilory. 
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Moreover, an attempt was made to control for the 
npaying attention" factor. The significant effect of re-
inforcement on the subcomponents of visual memory evalua-
tions has been demonstrated (Paskewicz & Weaver, 1975). 
Reinforcement functions as an incentive to focus and sus-
tain attention. Recognizing the power of this variable 
all testing procedures were carried out under reinforcing 
conditions. Operationally defined, reinforcement consist-
ed of the promise and immediate payment of one penny for 
each correct response on the three tasks. In the dis-
crimination task, one peµny was given to the child for 
each correct same-different judgment. In the copying and 
reproduction-from-memory tasks one penny was given for 
each page approximating the standard. _ 
Definition of Terms 
The confusion in . the area of the -assessment of 
visual processing dysfunctions revolving around the func-
tional complexity of the measuring instruments is further 
aggravated by imprecise language used to describe the con-
·cepts involved in a model of visual functioning. Attention 
must be directed at more clearly defining the terms. 
Visual Discrimination. This is a complex set of reactions 
within the central nervous system which permits recogni-
tion of an external stimulus. It involves decoding and 
associative processes. This reception and recognition 
is based on the ability to compare stimulus pairs and 
make judgments concerning their similarity and difference. , 
In this study, visual discrimination was operationally 
defined as the score obtained by counting the number of 
errors produced when comparisons were made on a discrimina-
tion task. This task compared the design cards of Form C 
of the Revised Visual Retention Test (Benton, 1963) and 
- I 
design cards prepared by the author. Some of these cards 
were similar, and some were di.fferent va·rying along a num-
ber of error dimensions including omission, distortion, 
rotation, misplacement and size errors. 
Motor. This is concerned with the execution of muscular 
activity, originating within the central nervous system. 
Motor activity is an encoding process at the nonsymbolic 
level. In this study no measure of motor activity was 
taken, but care was given to the elimination of thosa-
children who evidenced graphic motor encoding difficulties. 
Copying .. This involves the skill. to relate visual stimuli 
to motor responses. A copying act involves the integra-
tion of decoding, association and encoding processes. The 
Bender • Visual-Motor Gestalt Test (Bender)' would be an 
example of a copying task. In this study, copying was 
operationally def'ined as the error score obtained on 
Administration 11cn (direct copying) of Form D of the 
Revised Visual Retention Test (RVRT)'. 
Visual-Motor Inte~ration. This refers to the integration 
of decoding, association and encoding processes given that 
the effect of decoding errors are eliminated and that 
special encoding difficulties are taken into account. 
The Bender would reflect visual-motor integration if the 
number of discrimination errors and g~aphic-motor response 
8 .. 
errors were taken into account. In this study, visual-
motor integration was operationally defined as that score 
obtained by calculating the difference between the score 
obtained on the copying task and the score obtained on 
the discrimination task. 
Reproduction-From-Memory. This refers to the ability to 
reproduce the stimulus in the absense of the stimulus •. 
The person is shown a stimulus card for a certain period 
of time which is then removed, the person now being re- • 
quired to draw what he has seen. This ability combines 
the skills of decoding, association, encoding as well as 
memory. In this study, reproduction-from-memory was 
operationally defined as the error score obtained on 
Administration "An (reproduction following ten second 
exposure) of Form E of the RVRT. 
Visual Memory. This refers to the process in which visual 
stimuli are stored for future visualization. A memory 
performance reflects visual memory ability when decoding, 
integration and encoding deficits have been taken into 
account. In this study visual memory was operationally 
defined as that score obtained by calculating the dif-
ference between thffi score obtained on the reproduction-
from-memory task and the score obtained on the copying 
task. 
In the past lack of differentiation of these terms 
has led to misunderstanding of the nature _ of visual pro-
cessing difficulties. For example, the Bender was defined 
as a visual-motor integration test. Eoor performance was 
then equated with a deficit in visual-motor integration 
ability. However, the test is functionally complex in 
that it measures more than one ability. A. below age 
· expectation performance might reflect either a difficulty 
with discrimination, integration or graphic encoding 
ability~ Visual-motor integration cannot be defined as 
the source of the difficulty until discrimination and 
encoding have been eliminated as the source. 
The norms for the RVRT list the errors as reflecting 
either visual-motor or visual memory disabilities. Poor 
performance on Administration "A" could reflect either 
memory, discrimination, integration or encoding difficul-
ties. It reflects memory when copying errors (containing 
within it the discrimination, integration and encoding 
errors) are taken into account. For example, if a child 
makes twelve errors on the reproductio _n-from-memory task 
and makes ten errors on the copying task, then he obtains 
a score of two on visual memory, since ten of the repro-
duction-from-memory errors are explained by errors in the 
perceptual process. So while it is possible to obtain a 
high error score on reproduction-from-memory, a score 
supposedly indicating the presence of a specific memory 
disability, this may not reflect the actual : p~esence of 
such a problem, but only the presence of confounding 
perceptual variables. 
Chapter II 
Review of the Literature 
10. 
This chapter will review the analysis of factors in-
volved in visual memory and the assessment of visual 
memory ability particularly those factors which complicate 
evaluations, namely, discrimination and visual-motor inte-
gration abilities. In addition, variables which may af-
fect the testing situation and underlie individual and/or 
group differences, i.e., sex of the examiner, sex, age, 
and intelligence level of the child will be examined. 
Moreover, the effect of motivation in perceptual function-
ing testing will be discussed. 
Factors in Memory 
Memory is the retention of what has been learned or 
experienced (Eliot, 1971). Reese and Lipsitt (1970} 
comment that while experimental research in the area of 
memory has been increasing, there exists a surprising 
lack of interest on the part of many child psycholo-
gists, despite evidence that short-term memory developes 
with age (Maccoby & Hagan, 1965). They suggest that a 
systematic examination of the characteristics of memory 
in children along developmental lines would add to the 
understanding of memory processes. This is especially 
true since in the broadest sense memory is ·involved in 
all psychological activity. 
The variables which account for individual variation 
in the quality of memory include l} the availability of 
cognitive units, 2). attention and 3} motivation (Kagan & 
11. 
Kogan, 1970). First, memory is a complex measure being 
made up of the amount of acquisition of information dur-
ing the presentation period, the rate of forgetting, and 
the accuracy of retrieval of non-forgotten material. The 
rate of forgetting does not develop across age. Acquisi-
tion and accuracy of non-forgotten material are then pos-
sible developmental variables. The evidence bearing on 
the development of .immediate memory is dramatically dif-
ferent from that concerning the development of retention. 
The developmental studies agree that short-term memory 
increases over a wide age range, and increases with in-
telligence. The conclusions regarding memory, as opposed 
to retention, indicate that older and more intelligent 
people employ more active acquisition strategies. In 
other words, one of the major reasons for poor recall is 
the lack of an efficient mediation.al pJ;"ocess (Belmont & 
Butterfield, 1969). 
Reese (1962} labeled the lack of verbal mediation of 
overt behavior in children the "mediation.al-deficiency" ' 
hypothesis. Mediation is absent even in the _presence of 
demonstrated ability to understand and correctly use th~ 
appropriate words in question. The child does not use 
the words he knows as a memory aid, i.e., labeling the 
objects-to-be-remembered. The discrepancy between lin-
guistic and mediation.al capacities becomes reduced with 
age, and the deficiency disappears. Flavell, Beach & 
Chirsky (1966) have postulated the existence of a "produc-
t~on deficiency" ~s possibly co-existing with the other 
12. 
hypothesis. This new hypothesis implies that the child's 
difficulty may not lie in an inabilit y to use words which 
he produces in a mediational fashion, but rather in the 
lack of ability or disposition to produce them on appro-
priate occasions. The results of their study confirm the 
existence of "something akin to verbal production deficiency 
in young children." They suggest two basic reasons why 
children might fail to use the naming and rehearsal to 
aid in recall. First, while children may have language 
ability, the rules that regulate its use across social 
situations and contexts may be independent and limited. 
Second, failure of the children to "talk to themselves" 
may have nothing to do with their level of linguistic 
competence, but reflect a general cognitive immaturity 
revolving possibly around notions of intellectual activi-
ty, and the development of the capacit-ies of sustained 
attention, problem-solving and time-binding. Findings 
that children from language-poor environments exhibit 
performance deficits on memory tasks, and do not seem to 
assimilate new information with the accuracy . and extensive-
ness of children with richer language resources reinforce 
these ideas (C~zden, 1966; Hess & Bear, 1968}. 
A second variable in the quality of recall is the 
lack of selective attention which leads to imperfect 
registration of events, even in short-term memory. Two 
factors could result in lack of attention: interfering 
responses and distracting stimuli. The most consistently 
replicated finding is the negative relationship between 
13. 
anxiety and immediate recall, in that anxiety creates dis-
tracting stimulation which deflects attention from relevant 
incoming information and thus impairs memory. The nega-
tive correlation between test anxiety and verbal skills 
is congruent with the idea. 
Lastly, individual differences in memory also vary 
with motivation. The child's attention to the task will 
be enhanced if he is motivated to attend to the events ► 
If the child recognizes that attention to and subsequent 
mastery of a task are prerequisites for attaining a de-
sired goal, he is more likely to make an effort at mas-
tery. . However, effort at mastery may or may not affect 
actual performance. Paskewicz and Weaver (1975 ):i found 
differential effects of motivation on tasks of visual 
functioning, and found that, unlike discrimination and 
_ copying tasks, reproduction-from-memor_y was not affected 
by the application of a motivating condition. Although 
the childre .n made more errors under motivating conditions, 
this difference was not significant. They concluded that 
when confronted with ego-involving tasks, such as memory, 
the children were attending to the task as best they could, 
· and that the addition of a reinforcing event could not in-
crease attention. Since the reproduction-from-memory 
errors did not significantly increase, the possibility of 
interference by anxiety was not considered. Using the 
definitions outlined in the first chapter, they went on 
to pofnt out tbat since visual memory is operationally 
defined as the dif':fer _ence between reproduction-from-memory 
and copying scores, visual memory errors actually increase 
under conditions of motivation. Under motivation copying 
errors are dramatically reduced, and reproduction errors 
remain stable, visual memory errors appear to increase. 
Analysis of the factors that comprise the concept 
of how much a person remembers is necessary in accounting 
for the poor memory performance of any individual person. 
There is presently available a body of research concerned 
with organizational factors in children's recall, as well 
as investigations of individual differences in recall 
along with the dimensions of mediation availability and 
use, attention and motivation. It appears that what is 
necessary now is the establishment of norms of short-term 
memory for clinical use taking into account age and in-
telligence level. Children who perform below age and 
intelligence expectancy on such a measure may then be the 
focus of attempts at differential diagnosis to uncover the 
component deficit underlying the disability. It may well 
be that concentration on acquisition strategies relating 
to the use of verbal mediators is the most VBluable re-
mediation technique. What is still primarily lacking is 
a clinical measure of short-term memory. 
Factors in Perceptual Assessment 
In the intro ductory chapter, we noted the difficulties 
in assessment o~ visual memory using a paper and pencil 
method. The functional complexity of such an evaluation 
confounds the memory variable with discrimination, inte-
gration and encoding skills •. Most conventional tests of 
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visual memory involve considerable motor functioning in 
the form of drawing (Banna t yne, 1969) ). However, there is 
much confusion ev e n in the area of "perceptual" assessment ... 
This cDnfusion r evol ves around the differential diagnosis 
of perceptual and integr a tive abilities. Newcommer and 
Hammill (1973} report that motoricelly handicapped child-
ren perform progressively poorer on a test of visual-motor 
integration (their use of the .term) as the severity of 
their motor handicap increases . Conversely, they tend to 
function appropriately for their chronological age on a 
motor-free test of visual perception regardless of the 
level of motoric disability. They do not have difficul-
ties with visual perception which are commonly attributed 
to them. Children's visual perception should be measured 
independently of motor development, lest we fail to dif-
ferentiate between the two and regard .visual-motor inte-
gration test results as measures of visual perception. 
Visual perception and visual-motor integration are rela-
tively separate systems (Rosenblith, 1965). 
Birch and Lefford (19671 investigated the develop-
mental changes in the ability to copy~ two-dimensional 
design in children five to eight years of ~ge. They con-
cluded that perception of visual forms was not a unitary 
phenomenon, but rather it involved a "multi-leveled set 
of functions ••• composed of a number of processes 
characterized by different degrees of functional complex-
ity and different ages of maturationni (P-• 9). They in-
vestigated the relati onship between visual differentiation, 
intersensory integration and voluntary motor performance. 
Differentiation includes discrimination; perceptual analy-
sis and perceptual synthesis. Perceptual analysis refers 
to the individual's capacity to segregate, identify and 
respond to selected aspects of the whole figure• - Per-
ceptual synthesis refers to the ability to reorder linear 
elements, fragments of forms or any number of arbitrary 
subwhole aggregates into coherent spatial distributions 
which will result in the whole figure. 
Their main finding in relation to differentiation 
was that by age five normal children had high ability to 
discriminate among simple plain figures. Also errors made 
in discrimination of such figures at ages five to seven 
years frequently reflected failure to utilize the spatial 
orientation of the figure or its properties of axial 
symmetry as discriminanda •. These errors fell off with 
age and occurred infrequently by age nine. 
Their main findings in relation to copying ability 
was that the ability to draw geometri -c forms increased 
with age. Also individual variability decreased with age. 
In addition, they found that the most rapid rate of de-
velopment in the ability to copy designs occurred between 
ages five and six. 
Their findings relating co pying ability and the dis-
crimination measures are surprising. They found that 
neither perceptual analysis nor synthesis was related at 
any given age with the ability to copy a design. Both had 
a weak but significant relationship with copying when all 
the subjects were pooled across age. 
It is surprising to fi.nd a lack of relationship be-
tween discrimination and copying, when conceptually dis-
crimination is necessary for copying. However, the ex-
planation offered is more surprising in its confusion. 
nEach (analysis and synthesis) is only weakly associated 
with motor functioning when such motor functioning is 
estimated in terms ·of the drawing of a visually presented 
model on a blank page" ; (';p. 80). Later in the same para-
graph they talk of these measures being strongly associated 
with intersensory functioning and state that "when the 
measure of motor integration used is copying a visually 
presented model on a blank page, intersensory integration 
is ••• strongly associated with the other variables 
studied" (p. 80). Copying is used both as a measure of 
motor functioning and motor integration, and not as a 
measure of copying. 
Significant differences in a matching discrimination 
test between groups of children separated on the basis of 
their performance on the Bender suggests at least a measure 
of correlation between discrimination and copying (Wedell 
and Horne, 1969). This correlation is not surprising if . 
we take the Bender scores as measures of copying, and 
not of integration. A-. relationship is expected between 
discrimination and copying since discrimination is a part 
of copying. And yet the practical implications of the 
controversy and rediscovery of component analysis still 
continues. 
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Simpson (1974 )i administered both the RVRT and the 
Bender and a multiple-choice version of the Bender, as 
well as the Peabody Picture Vocabulary Test (PPVT) to 
thirty spastic and thirty athetoid seven to ten year 
olds. Results show that perceptual functioning, rather 
than being a single entity, can be differentiated into 
discrimination and perceptual-motor integration components. 
Again we must remember that the Bender is a copying test 
and that if separate scores were obtained for discrimina-
tion functioning, those errors labeled as perceptual-
motor integration errors would indeed reflect integration 
if the discrimination errors were taken into account. 
Errors due to an inability to discriminate the visual 
input cannot also then be a part of the perceptual-motor 
integration definition. 
Analysis of the errors in the Simpson study shows 
that the easiest task was discrimination (multiple-choice 
form}; more difficult was the copying test (Bender}1 most 
difficult was the reproduction-from-memory test (RVRT}. 
Difficulty is reflected in increased numbers _ of errors. 
This would appear to fit the analysis of the components 
in visual processing. Discrimination is a separate skill; 
copying requires use of that skill as well as integration 
and motor encoding; reproduction-from-memory utilizes all 
those skills in addition to memory. Clearly it is a 
cumulative model~ more errors with increasing complexity •. 
However, Zach and Kaufman (1971): : concluded from their 
analysis of the Bender and Bender multiple-choice discrim-
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ination task error scores that performance on one task 
was not related to performance on the other. Not surprising 
was the first implication that a child could discriminate 
forms well and still obtain a score on the Bender which 
indicated "perceptual" difficulties. The educational im-
plication is that because a child does well on a dis-
crimination test, it cannot then -be assumed that he will 
do well on the Bender copying test • 
.Surprising was the converse: : that children could do 
well on the copying test, but poorly on the discrimination 
test. Either it is not true that discrimination ability 
is a developmental prerequisite to the more complex task 
of copying, or the discrimination test was measuring and 
drawing ori other facets of perception. An analysis of 
the demands of the multiple-choice discrimination task 
--- shows that more than simple, pure discrimination ability 
was required. For success a child had to first call from 
the four stimulus choices the one which correctly matched 
the standard, a procedure demanding perceptual analy _sis. 
He then had to organize the figures for hims .elf in some 
way to draw upon some aspects of perceptual synthesis. 
They recommend a simple discrimination task requir-
ing a matching of two stimuli, and a response of "samem 
or 11aifferent. 11 This is in line with the Rosenblith (1965) 
recommendation in measuring perception that all judgments 
be made using a paired-comparison method. Such a method 
calls for the simultaneous pairing of the standard and 
the comparison stimuli. This method eliminates complex 
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motor behavior, memory and choice from among simul-
taneously present alternatives as confounding variables 
in perceptual judgments. 
Tests of Visual Memory 
While a number of tasks involving visual memory have 
been devised for research purposes, a limited number of 
tests are available for use in clinical and educational 
settings. Colarusso (1971 ] included only three widely 
used tests of visual memory in his summary of tests avail-
able in the area of visual perception. These include the 
Revised Visual Retention Test (Benton, 19631, the Memory 
_for Designs Test (Graham & Kendall, 1960) \ and the Visual 
. 
Sequential Test of the Illinois Test of Psycholinguistic 
Abilities (ITPA } (Kirk, McCarthy & Kirk, 1968). 
Benton (1963), reviewing the normative standards for 
the Revised __ Visual Retention ~, shows that there are 
significant relationships between scores on the test and 
general intelligence level and also between test perfor-
mance and chronological age. He suggests that correct 
clinicpl interpretation can only be made within the frame-
work of the age and IQ of the person tested. For this 
he pro .vides normative standards. With certain exceptions 
in the cases of superior children (which is left unexplained}, 
he suggests that an obtained score which is three points 
above an mexpected" score (different for each age and IQ 
level) may be considered to raise a question of a specific 
disability in visual memory .2£ visual motor functioning. 
An obtained score which is four points above the expected 
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score may be considered to suggest s uch a disability, and 
a score which is five points above exp e ctations (or more } 
strongly i nd ic a tes a disability. All scores reflect error 
scores .. 
However, two immediate impre s sio ns come from viewing 
the table and its descriptions. The errors are reported 
to reflect either visual memory or visual-motor disabilicies. 
The work of Paskewicz and Weaver (1975) indicates that 
there are differences between visual-motor functioning and 
visual memory functioning. It is also clear that reproduc-
tion-from-memory is a measure of neither. Benton provides 
_norms only for Administration 11A11 which is what we call 
reproduction-from-memory. Norms for copying are not in-
dicated. Surely this is not acceptable when memory 
evaluations are confounded by variables of perception, 
·integration and encoding. 
In his review of the RVRT for the Fifth Mental Measure-
ments Yearbook, Hanawalt (1959):: quotes the manual which 
states that the test is a "clinical and research instru-
ment designed to assess memory, perception and visuomotor 
!'unctions. n He chides Benton in that m'emory for designs 
is different from memory in general, and he points to the 
decrease with age of the intercorrelations of memory tests •. 
Also he notes the lack of ability of the test to separate 
perception from memory, and suggests that Administration 
"C" (the copying test) be also used to distinguish per-
ception and memory from drawing and motor ability~ 
Secondly, the norms seem to follow a smooth pattern~ 
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for every one year increase in age, one less error is ex-
pected; for every ten points difference in measured rq, one 
less error is expected. This pattern is curious in its 
regularity and predictability, and provides no individual 
standard deviations for these categories, no information 
regarding the significance of the differences within this 
table, and thus no information regarding the devel ·opment 
of visual memory through age • . 
Memory for Designs. Payne (19591 in his review for Buros 
describes the Memory for Designs (MFD); test material as . 
consisting of fifteen straight line designs. The test 
requires a reproduction-from-memory after a five second 
exposure to the stimulus card. This is scored by an ob-
jective system and norms are available for comparison. 
Such a description places the MFD. test in the same class, 
and subject to the same ills, as the RVRT. There is no 
way to screen out other confounding variables, studying 
visual memory for designs as an uncontaminated factor. 
Visual Sequential Memory. The Visual Sequential Memory 
subtest of the ITPA is also a currently available test 
measurin g visual memory. Unlike the others, it does not 
require graphic motor encoding, but the placement of 
plastic chips in sequential order. Also unlike the others, 
the reliability is questionable. Test-retest reliability 
is between .12 and .71 as compared to .85 for the RVRT 
and between .72 and .90 for the MFD. 
This review clearly shows that all the currently 
available tests of visual memory lack the capacity to -
provide differential diagnos t ic information separating 
out the effects of perception, integratio n and encoding. 
This is necessary if the inform ation gained from such an 
evaluation is to be clinically useful. 
Environmental Variables 
There are enviro nmental, controllable variables which 
may affect performance on a visual memory test. Since 
visual memory i.s a ·derived sc~re, variables which might 
affect discrimination and copying and reproduction-from-
memory will be identified. Such variables may include 
socio-economic status 9 intelligence, age and/or grade 
level, sex of the child, sex of the examiner, motivation 
as well as their interactions. 
Socio-economic Status (SES). Rosenblitb (1965} investigated 
perceptual performance as separate from perceptual motor 
performance by means of a discrimination task consisting 
o~ comparison between a standard stimulus and alterna-
tive stimuli varying along some error dimensions. Her 
sample came from two schools. School A was loc -ated in a_ 
neighborhood relati~ely low in terms of socio-economic 
status. . School B was operated by the State College of 
Education (now Rhode Island College) drawing students from 
all parts of the city and comparable in many ways to pri-
vate schools. It can be characterized as serving an upper 
middle class or upwardly mobile population. 
Rosenblith was concerned with the representativeness 
of her sample. Her approach to this concern was a com-
parison of IQ distributions between the two schools. She 
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found that the difference between the average IQ's of 
the children in the two schools was · significant. 
Mean IQ scores do not appear to be, however, an ade~ 
quate measure of SES, but rather~ measure of IQ differ-
ences between the two schools. Be that as it may, when 
she compared these groups for errors in her discrimination 
task, she found that the differences in the average number 
of errors between the schools (over all grades) were sig-
nificant beyond the .001 level. 
Issac (1971 ~ investigated perceptual-motor function-
ing using the Bender and examined proficiency in that 
task across three groups: a) - a white advantaged group; 
b) a white disadvantaged group; and c ); a black disadvan-
taged group. Soe hypothesized that youngsters from dis-
advantaged backgrounds would perform more poorly on the 
task than their age mates (first grade) from advantaged 
backgrounds. Her findings show that despite significant 
differences in verbal IQ: (as measured by the PPVT), no 
significant difference was found between perceptual-
motor development of the white advantaged and white dis-
advantaged groups. However, both of these groups were 
clearly superior to the black disadvantaged group. These 
results suggest that differences in the level of percep-
tual-motor functioning are more closely related to 
ethnicity than social class. 
Comparison of these results show that~ when SES is 
measured by average IQ differences in the two schools 
drawing from diff erent populations, there is a discrimina-
tion test performance effect; when SES is measured on 
the basis of the distinction of advantaged vs. disadvan-
taged backgrounds, this does not distinguish groups on 
perceptual-motor development. This discrepancy may be 
accounted for:- · the SES groups across the two studies 
were not comparable; the task measured was different; 
the definition of SES in one instance seems inadequate. 
Issac in her comprehensive review of the relationship of 
social class and perceptual development, concludes that 
although the research strongly suggests a significant re-
lationship and although there has been much theorizing 
about what mediates this difference, there is little 
evidence of a specific factor underlying th~ deficit. Her 
own research results disconfirm her expectations of no SES. 
effect .. 
After reviewing these studies it seems likely that 
there will be no SES effect for processing abilities. 
Tµerefore, SES will not be investigated as a variable. 
Intelligence Level. Rosenblith (1965) investigated IQ~ 
differences as they affect error rates in her discrimina-
tion task. She reports that for both sets of stimuli 
(triangles qnd circles) the differences in the average 
number of errors between the schools (over all grades} 
are significant beyond the .001 level. Remember the dif-
ferences which she labeled SES were in actuality IQ related. 
The F ratios :for the two schools combined are not signi-
ficant over all grades, although one or two grades differ 
signi:ficantly on 6ne stimulus or the other. The mean 
26. 
number of errors shows a steady decline with grade. There 
is a highly significant relationship between grade level 
(one through four) and the school (reflecting so-called 
SES: measured by IQ) for the two stimuli. So there was a 
grade by IQ interaction. IQ was related to errors at 
each grade level: the higher the IQ, the fewer the errors. 
She reports, however, that IQ accounts for only a small 
percentage of the variance in these perceptual tasks 
tthirteen percent for triangles and seven percent for 
circles!. This was true when the children from both 
schools were combined. 
She continues her analysis when she states that IQ 
and errors are related for the lowest IQ groups, i.e., 
IQ's less than 86. Although she does not report statis-
tical data, the graphs of the errors by IQ scores seem 
to divide errors by three IQ groups: l} less than 86; 
2) 86 - 115; and 3); 115 and above. So if we are dealing 
with a learning disabilities population, for whom the re-
quirement is normal or above average intelligence, the 
two groups we would be interested : in looking at are the 
second and the third. 
Issac, on the other hand, found no significsnt dif-
ference in errors for differing SES level whites, despite 
significant differences in verbal IQ. Verbal IQ was meas-
ured by the PPVT. She found no IQ by errors interaction. 
Nickel (19691' found th8t visual discrimination is 
not an independent de~elopmental process, but is signifi-
cantly linked with the child's intellectual capacities. 
Gaines (1969 },, howev:er, found no relationship between IQ' 
and her discrimination task with children ages four to 
seven. Nickel studied children aged four to five and one-
half .. 
Benton, although he does not report statistical data, 
does provide separate norms for each IQ_ level from defec-
tive, borderline, low average, average, high average, 
superior to very superior. In each cas~ the average 
error score is different. These error scores may or may 
not be different from each other in either a real or 
statistical sense. It seems more realistic to imagine two 
levels of IQ making a difference in error scores, although 
this difference might not be significant, looking at the 
Rosenblith graph. 
With respect to visual-motor integration, Issac 
found no relationship between IQ"· and copying ability. 
She also found no relationship between discrimination and 
copying. Given our definition of visual-motor integration 
as the difference between these measures, error scores 
for visual-motor integration are not expected to vary 
with IQ. 
Mter reviewing these studies it seems likely that 
if IQ will make a difference on the measures Of visual 
processing, that difference will be ·:between two groups 
of children, those selected with average intelligence, 
and those with above average intelligence. Children with 
below average intelligence will not be studied since the 
measures being investigated relate to learning disabilities 
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classification and placement. Learning disabilities diag-
nosis requires the presence of at least average intellectual 
functioning. 
Ege and/or Grade Level. Rosenblith (1965). reports that 
performance does improve with age or grade in school along 
the two dimensions of the number of errors and the number 
of children making errors. This was true across schools. 
When she examined the relationship between chronolo gical 
age and performance, she found that CA is significantly 
related to performance across the entire range. The older 
. the children, the fewer the errors. Relations within a 
single grade a re complicated by factors of early admission 
and repeaters. . So age norms a.re more representative than 
grade norms and are therefore preferred. 
A'J.iotti (1974 )) found grade level significance in a> 
test of visual-spatial memory between children in first 
and second grades. Keely (1971) also found that per-
f .ormance improved with age on a visual memory task in 
pre-school children. Gaines (1969}' found older children 
superior in her task of discrimination. Colarusso (1972}, 
when he compared across age on his Motor Free Test of 
Visual Perception found significant differences. Benton 
also reports error scores by age, each age with a dif-
ferent expected score, fewer errors with increasing age. 
Issac (1971» on the other hand reported that the relation-
ship between age and error scores on her task reached 
significance only for girls. There might then be a sex 
by age interaction which would affect the estapiishment 
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of norms. 
After reviewing these studies, it seems that visual 
processes develop over age. Norms collected must then 
reflect the age of the child. Grade level will not be 
used because of the admonition of Rosenblith concerning 
early admissi ons and .repeaters. 
Sex .. Rosenblith (1965) found no significant differences , 
in either the number of errors made or the number of 
children making errors between boys and girls overall. 
Boys were worse then girls in the average number of 
errors for School B kindergarden tested by a female. 
She suggests that not much weight be placed on the over-
all data since these were collected partly by male and 
partly female experimenters. Despite this suggestion 
there exists a possibility that the sex of the experi-
- menter may _have an effect on evaluations with younger gir:ls. 
Therefore, sex of the experimenter will be taken into ac-
count. I.f the sex of the experimenter should prove sig-
nificant, future interpretations of test results must 
include consideration of this non-visual-pr~cessing variable. 
Issac (1971) : found a significant sex by motivation 
interaction such that girls (regardless of SES) were better 
able than boys to improve their scores, i.e., make fewer 
errors, in response to the promise of a reward. Sex, by 
itself, was not related to errors. Colarusso (19721 also 
found no sex differences on the visual discrimination and 
visual memory ~asks on his motor free test. Aliotti (1974) 
in reporting the results cf his study on the validity and 
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reliability of the Bannatyne Visuo-Spatial Memory Test 
found no significant sex differences. 
Motivation. As was suggested previously in this chapter, 
attention, motivation and memory are related to individual 
variations in performance. Indeed it seems obvious that 
it is necessary to account .for variation due to attention 
and motivation. 
In many instances the task of the test is not sufficient-
ly attractive to sustain the child's interest or motiva-
tion in the test, thus creating a situation in which both 
reliability and test validity are lowered. The 1974 APk 
convention hoste~ .a visual memory assessment symposium 
where the lack of inherent motivation in taking visual 
memory tests was recognized. Husted, Wallin and Wooden 
(1971] experimented with the insertion of reinforcers 
during test administration in a Cattell Infant Intelli-
gence Scale. Their premise was to increase the sustained 
attention in the test-taking experience since the test 
items do not have inherent motivational value. Their 
results show more consistent, accurate responding when 
items are reinforced. Many other investigators, experi-
menting with the effect of reinforcers on test results, 
report significant results such that higher scores are 
obtained (Ali & Costello, 1971; Butterfield & Zigler, 1968; 
Rowley & Stone, 1964; Crandall, 1963)\ 
Issac (1971} found no main effect for motivation as 
it affected discrimination and perceptual-motor development 
in first graders. After her extensive review of the 
31. 
literature relating test performance and level of motiva-
tion, all of which pointed to the necessity of raising 
motivation to allow more valid comparisons of ability 
levels, she defined motivation operationally as the 
promise of a piece of candy. The child was not given 
this candy until after twice performing on the Bender. 
The instructions told the child that although his first 
attempt at reproducing the cards had been good, he would 
be allowed to select a "tr~at" from the . bag of candy if 
he would try to do even better on his second attempt at 
drawing the designs. It is not surprising that she 
found no significant main effect for motivation. Promises 
would not appear to act as much as a reinforcer as the 
actual presentation of the candy during the task. 
Her results are in direct contrast to the Nickel 
(1969) and Ramey and Goulet (1971) 1 studies. They both 
show significant positive motivation effects in visual 
discrimination such that immediate reinforcement raised 
the performance of the children. Her results are also 
in contrast to the results of the Paskewicz and Weaver 
(1975} study. They hypothesized that motivation would 
affect the number of errors, reducing them across the 
discrimination task, the copying task and the reproduc-
tion-from-memory task. Analysis revealed that motivation 
had an effect only on the discrimination and copying 
tasks, and not on the reproduction-from-memory task. 
The scores for reproduction-from-memory did not differ 
across levels of motivation. 
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Motivation functions as an incentive to focus and 
sustain attention. Simple tasks such as the discrimina-
tion and copying tasks used in the Paskewicz research 
which appear to lack inherent interest value require an 
external incentive to set the conditions which make it 
worthwhile to "pay attention" to the task. Children who 
draw the designs and who can notice the difference between 
their performance and the standard may not report this 
difference because it is easier not to make corrections, 
but to finish the task as quickly as possible, simply 
because there is no benefit to time spent in cbrrection, 
but a definite benefit to finishing. Indeed, they analyzed 
the time spent in the copying task across levels of moti-
vation and found that the children spent significantly 
more time on the task in the motivated . condition. The 
reproduction-from-memory task appears to be more diffi-
cult and ego-involving. This results in the conditions 
in which full attention is already being paid to the task 
which cannot be increased by external reinforcers~ 
After reviewing the studies in this section, it 
seems that the use of a reinforcer during the task in-
creases performance and reduces errors. This is true for 
the discrimination and copying tasks. The reproduction-
from-memory task, however, does not seem to be affected 
by the application of a reinforcing condition. Ali and 
Costello (1971} have shown that when testing is proceding 
under motivating conditions and there is a change in the 
schedule of reinforcement such that reinforcement is 
received less frequently, this is seen as a punishment, 
the removal of a reinforc ing cond ition. Therefore, all 
tasks should be reinforced and motivated in this manner, 
including the memory task, lest by contrast, the lack of 
the reinforcer be viewed as a punishment and reduce per-
formance and increase errors. 
Summary. Research has been presented pertaining to the 
need for redefinition of the terms used in visual proces-
sing assessments. Confounding variables and intercorrela-
ted subcomponent tests do not allow for differential 
diagnosis in visual memory evaluations. Discrimination, 
visual-motor integration and visual memory are currently 
conceptualized and theoretically and operati·onally defined 
as separate abilities. 
The establishment of norms for these variables has 
been shown to be clinically necessary if successful re-
mediation is to take place. Research related to factors 
possibly affecting the collection of norms were presented •. 
Age, sex and intelligence group of the child as well as 
the sex of the examiner were presented as possible deter-
minants of the error rate. 
Motivation in test taking was discussed with specific 
regard to visual processing performance. . It was concluded 
that e-valuations should be conducted under -conditions of 
external reinforcement so that the validity of the measures 
remains uncontaminated by variations in the "paying atten-
tion" factor • 
. Such data collection allows a eomparative look at the 
differential development of discrimination, integration 
and memory in elementary school children. 
Chapter III 
Hypotheses and Methodology 
Introduction 
The primary purpose of the present research is to 
study visual memory abilities in elementary school child-
ren and to investigate those variables which affect the 
assessment of memory. To accomplish this task, and to 
provide for differential diagnosis of visual processing 
disabilities, a visual memory task was broken down into 
its component parts in order to establish developmental 
norms for discrimination, copying and reproduction-from-
memory, visual-motor integration as well as memory. 
This approach provides for a differential assessment of 
the memory components in contrast to the traditional 
unitary measures. 
The literature review pointed to the possible im-
portance of a number of variables on discrimination, 
copying and reproduction-from-memory performance. Sex 
of the examiner, sex, age and intelligence category of 
the child were identified as variables which might affect 
performance and thus create the need for separate norms. 
Hypotheses 
Hy-pothesis One. Discrimination scores, copying scores and 
reproduction-from-memory scores will be significantly in-
tercorrelated. 
Hypothesis Two. Discrimination, visual-motor integration 
and visual memory will not be intercorrelated. 
Hypothesis Three. There will be no sex of child difference 
on any of the three dependent measures: ; discrimination, 
integration and memory. 
Hypothesis Four. Higher IQ children will make fewer er-
rors in visual discrimination and visual memory than 
average IQ children. 
Hypothesis Five. There will be no IQ differences on the 
measure of visual-motor integration. 
Hypothesis Six. Older childre-n will make fewer errors than 
younger children on discrimination, integration and memory. 
Hzyothesis Seven. There will be no sex of examiner dif-
ference on any of the dependent measures~ discrimination, 
.integration, and memory.:. 
Methodology 
Subjects. Originally 400 elementary school children were 
planned to participate in this normative study. Eighty 
of these children were to have come from the five to six 
year age groups. Even utilizing the assessment under 
motivating conditions, the attention span of the children 
in these groups could not be maintained for a period of 
time long enough to complete the evaluations. This is 
consistent with the literature describing the difficul-
ties of evaluating five year olds, and thus explains the 
lack of norms for this age group on any measure of visual 
memory utilizing graphic responses. The revised sample 
eliminated the pre-school category resulting in the 
utilization of 320 children between ages six and ten. 
The records of approximately 600 children were 
screened from which three hundred and twenty children 
were selected for inclusion on the ba sis of age, sex and 
IQ ' categories. All children were white and from a northern 
Rhode Island or southeaster n Massachusetts public school 
system. The school districts are urban in nature reflect-
ing two middle size cities in New England. The socio-
economic background was essentially middle class. 
~• The 320 cbildren were .selected for inclusion 
in one of eight age categories so that there were forty 
children in each six-month age group: 6 - 6)2; 6¼ - 7;:. 
7 - 712; 7¼ - 8; 8 - 8¼; 8)2 - 9; 9 - 9¼; 9¼ - 10. 
Sex of the Child. Half of the total number of child-
ren selected for each treatment category were boys and 
half were girls. 
Intelligence Level. Half of the total number of 
children selected for each treatment category were within 
the average IQ range and half were above average. Average 
IQ was defined as a score between 90 and 110 •. Above aver-
age was defined as a score above 110. Children whose IQ 
was below 90 were eliminated from this study since the 
norms are intended for diagnosing specific learning dis-
abilities distinct from intellectual deficit. The IQ 
category was determined by the IQ score obtained either 
by review of the children's school records for group IQ 
data, or by administration of .an individual intelligence 
test. Group scores were readily obtained for children 
above the second grade. Children whose files did not 
contain an IQ score were administered a PPVT (Dunn, 1959}. 
Sex of the Examiner. Half or the children for each 
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treatment category were tested by female examiners; half 
were tested by male examiners. 
Jr 2x2x2x8 analysis of variance was used to examine 
these variables. There were 64 cells: each represented 
one level of sex of examiner, one level of sex of child, 
one level of IQ and one level of age. Each cell contained 
scores for five children. 
Materials. The Reiised Visual Retention Test (1963) was 
used for all the tasks~ Form C was used in comparing al-
ternatives in the discrimination task. Form D was used 
in the copying task. Form E was used in the reproduction-
from-memory task. These forms are equivalent and insure 
comparability of scores without the danger oT practice 
effect by viewing the exact same stimuli (Silverstein, 
1962)~ 
For the discrimination task the author prepared a 
set of comparison stimuli cards with six comparison cards 
for most of the Benton cards: one similar, and five dif-
ferent. The five different cards varied from the standard 
cards along five error dimensions: omission, rotation, 
distortion, misplacement and size~ The position of the 
similar card varied in each of the sets of comparisons 
with the standard. These 50 comparisons were designed to 
approximate the possible errors in the other two test 
conditions. The discrimination task required indication 
of a same-different judgment in a paired comparison method. 
The standard was always in view together when the compari-
son stimuli were presented one at a time. This eliminated 
r. 
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complex motor behavior, memory, and choice from among si-
mul ·t;aneously presented alternatives as variables in the 
perceptual judgment. The same-different judgment could 
be communicated by the use of the words "same" or "dif-
ferent," or "yes" or "ho," or a shake of the head. 
The copying task required the duplicating of the 
stimulus card from the Benton cards on 8¼ x 5¼. white 
paper. This is administration "C" in the manual (Benton, 
1963 ). 
The reproduction-from-memory task required the dupli-
cation of the stimulus card following a ten second expo-
sure. This is administration "A" in the manual. 
Procedure. 
Administration. All the children were tested in 
their schools with the exception of two children who were 
tested at home. T4ey were seated at a desk or table with 
the examiner sitting next to them. They were given the 
following instructions: 
This is a book ·that has pictures printed iri it. 
(Point to the Benton). This book also has 
pictures in it, but I drew them. So if some 
look darker or lighter it's · just because I'm 
a sloppy drawer. Sometimes the pictures will 
be the same, and sometimes the pictures will 
be different. I want you to let me know when 
the pictures are the same, or when they look 
different. Some of them are tricky, so look 
carefully. For everyone you get right, I'm 
going to give you a penny to keep. OK, look 
at these two pictures and tell me if they are 
the same or if they are different. 
· Following the response, if correct, the child received the 
penny paired w1th a social reinf'orcer, a smile and aver-
balization something like "good," cr'!fine." 
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Following the discrimination task, the child was 
told how many pennies were earned. The following in-
structions were then given: : 
Now, I have some more pictures here. Take 
this pencil, and draw the picture so that it 
looks like the one in the book. For every 
one you draw that looks like the one in the 
book, I'm going to give you another penny. 
OK, now draw this so that it looks the same. 
The child was given a penny for every card that looked 
approximately like the one in the book. Following this, 
these instructions were given~ 
Now, this time I'm going to show you the pic-
ture for only ten seconds, then I'm going to 
take it away, and then I'm going to ask you 
to draw it for me. So look at the pictures 
very carefully, so when I take it awBy you 
can draw it. For every one that looks like 
the one in the picture, I'm going to give you 
another penny. 
The picture was placed over the drawing paper so that 
the child could _not begin to draw until the book was re-
moved. The child was not shown the original again but 
was rewarded for every picture that approached the 
original. Sometimes when the drawing was so dissimilar 
to the original the child was shown it again as an ex-
planation for his not receiving the penny. 
Each subject received all three tests, discrimination, 
copying and reproduction-from-memory in the order indi-
cated. 
Scoring the Protocol. All records were scored by 
a research assistant using Benton's scoring principles 
and guides as examples. Each stimulus card was scored 
for the total number of errors. The discrimination task 
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was scored by the total number of incorrect judgments. -
Detailed instructions for the administration and scoring 
of the RVRT, as well as information about its use and 
development, can be found in the test manual. 
On each test the errors were summed to yield the 
discrimination, copying and reproduction-from-memory 
scores. Visual-motor integration was obtained by sub-
tracting the discrimination score from the copying score. 
The visual memory score was obtained by subtracting the 
copying score from the reproduction-from-memory score. 
42. 
C.hapter IV 
Results of Statistical Analysis 
This chapter will present the results of the statis-
tical analyses which were used to investigate the relation-
ship between discrimination, copying (traditionally a 
visual-motor integration measure) and reproduction-from-
memory (traditionally a visual memory measure) ;; the re~ -
lationship among discrimination, visual-motor integration 
and visual memory abilities measures; and the significance 
of the environmental variables: sex, age and IQ level of 
the child and sex of examiner. 
Hypotheses 
The statistical analysis used to test hypothesis 
one and two was a Pearson-Product Moment correlation. 
Table 1 presents the correlation matrix for these five 
dependent variables: discrimination, copying, repro-
duction-from-memory, visual-motor integration and visual 
memory. In determining significance for this study the 
.01 level of confidence was selected. Since the sample 
size is large, slight differences in scores would be 
considered significant; thus the more conservative level 
was used. Also, the .05 level results were considered 
too unreliable for purposes of norming. 
Hypothesis 1. It was hypothesized that there would be 
a significant relationship among the traditional measures 
used to evaluate visual functioning in elementary school 
children. This was hypothesized since the abilities are 
intertwined: copying as a measure of visual-motor integra-
tion is confounded with discrimination; reproduction-from-
memory is confounded by all the variables that comprise 
the copying skill. Ther efore, a certain amount of errors 
in copying will be expected on the basis of discrimination 
errors contained within it, and reproduction-from-memory 
errors will vary with the errors in copying ability. 
As shown in Table 1, there is a significant inter-
correlation of the ' traditional measures: discrimination, 
copying and reproduction-from-memory. This shows the 
clear relationship among these measures. In essence, 
these measures are measuring some factors in common, and 
not, as supposed, separate abilities. Therefore, hypo-
thesis 1 was accepted. 
HYpothesis 2. It was hypothesized that there would be 
no significant relationship among the measures developed 
__ ror this study. Measures of discrimination, visual-motor 
integration and visual memory were designed conceptually 
to reflect their independence as visual processes. The 
visual-motor integration score was obtained by elimin-
ating the effect of discrimination errors from copying 
errors. The visual memory score reflects the difference 
between errors obtained on the reproduction-from-memory 
task and those errors obtained on the copying task. Since 
the two measures are identical with the exception of the 
memory component, the visual memory score reflects a pure 
memory-for-designs ability. 
Table 1 indicates the absence of a relationship 
among these measures. In essence, these measures are 
D 
Table 1 
Intercorrelations among Traditional and 
Derived Measures 
C R V-MI 









D - Discrimination 




R - Reproduction-from-memory 
V-MI - Visual-Motor Integration 
VM Visual Memory 
.198 .779* 
- .. 033 
- -
,,, 
assessing separate abilities. Thus, hypothesis two was 
accepted. 
The means and standard deviations of the three de-
pendent measures, discrimination, visual-motor integration 
and visual memory, are presented in Appendices A, B, and 
c. 
A~2x2x2x8 multivariate analysis as well as 2x2x2x8 
analyses of variance was used to evaluate the effect of 
each of the assessment variables and their interactions 
on each of the dependent measures~ 
Hypothesis 3. It was hypothesized that there would be 
no significant sex differences on any of the three de-
pendent measures: : i.e., the mean error scores for boys 
would be the same as the mean error scores for girls. 
Table 2 presents the summary table for manova of 
- the three dependent measures. Sex of -the child was not 
found to be significant (F = .4937; df 256,1}. . Table 3 
presents the mean errors for each of the measures for 
boys and girls. Hypot hesis 3 was accepted. 
Hypothesis 4. It was hypothesized that children in the 
higher IQ category would make significa -ntly fewer errors 
on the discrimination and memory measures. Table 2 
shows the manova source table indicating a significant 
intelligence effect (F = 7.123; df 1,256). Analysis of 
Tables 4 and 5 show that only the discrimination measure 
h~d & significant intelligence of the child effect 
(F - = 16.1581; df 1,256). Children who were in the higher 




Multivariate Analysis of Variance of Error Scores 
for the Three Dependent Measures for Sex, Age, 
& IQ of the Child and Sex of the Examiner 
SOURCE OF VARIATION DEGREES OF FREEDOM F-STATISTIC 
SEX OF CHILD (S) 3, 254 0.4937 
SEX OF EXAMINER (X) 3, 254 5-5169* 
IQ CATEGORY (I) 3, 254 7.1232* 
AGE GROUPS (A) 21, 729 8.4797* 
sx 3, 254 1.4633 
SI 3, 254 1.6580 
){I 3, 254 1.6449 
SA 21, 729 -- - 1.2992 
XA 21, 729 0.5985 
IA 21, 729 o •. 6610 
SXI 3, 254 2.0462 
SXA 21, 729 1.4236 
SIA 21, 729 0.9736 
XIA 21, 729 0.7290 
Subjects {SXIA2 212 229 o.z680 -
* p ( .01 
Table 3 
Visual Processing Error Scores 
.for Sex o.f Child 
BOYS 
DISCRIMINATION · 3.34 
VISUAI.-MOTOR INTEGRATION -343 
VISUAL MEMORY 8.06 
GIRLS 
3.19 n.s •. 
• 368 n.s. 
7.73 n.s. 
Table 4 
Analysis of Variance of Discrimination 
Error Scores for Sex, Age and IQ of 
the Child and Sex of Examiner a 
Source of Variation Degrees of Mean 
Freedom Sguares 
SEX OF CHILD (S) 1 1.7998 
SEX OF EXAMINER (X) 1 1.2500 
.IQ CATEGORY (I) 1 92.4500 
AGE GROUPS (A) 7 78.5196 
sx 1 9.1123 
SI 1 5.5125 
XI 1 0.0125 
SA 7 7.4214 
XA 7 2.6571 
,IA 7 7.1714 
SXI .1 7.2000 
SXA 7 4.9911 
SIA 7 4.4196 
XIA 7 4.1625 
SXIA 7 1.6212 


















8 Fmax Test was performed~ 187. Homogenity of variance 
is assumed since no scale for 64 variances was avail-
able, although extrapolations place it non-significant. 
Robustness of anovas also indicate that probability of 
heterogenity is small. 
Table 5 
Analysis of Variance of Visual Memory 
Error Scores for Sex, Age & IQ o' 
the Child and Sex of the Examiner 
S-burce of Variation Degrees of Mean 
Freedom Sguares 
-SEX OF CHILD (S) 1 8.7781 
SEX OF EXAMINER (X) 1 95.7031 
IQ CATEGORY (I) 1 41.3281 
AGE GROUP (A) 7 59.1388 
sx 1 16.6531 
SI 1 1.1279 
XI 1 37.1279 
SA 7 10.9995 
XA 7 7.6531 
IA 7 3.9924 
SXI 1 34.4531 
SXA 7 4.9171 
. SIA 7 14.2493 
XIA 7 5.2064 
SXIA 7 9.4665 
Subjects (SXIA) 256 7.5669 
** p ( .01 

















8 Fmax = 85, non-significant. Homogenity of variance 
assUJ!lption met. 
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children in the average range of intelligence. The mean 
error score for the higher IQ children was 2.73; the mean 
error score for the children in the average IQ category 
was 3.80. The hypothesis was partially accepted, for dis-
crimination. 
Hypothesis 5. It was hypothesized that there would be no 
IQ differences on the measure of visual-motor integration. 
Table 6 shows that .the variable of IQ was not significant 
(F = 0.5391; df 256,1). Thus, the hypothesis was accepted. 
Hypothesis 6. It was hypothesized that older children 
would make fewer errors than younger children on all of 
the three measures. The source summary on Table 2 indi-
cates a significant age variable (F = 8.479;· df 7,256} ~ 
Analysis of the anova summaries on Tables 3, 4 and 5 in-
dicate significant age effect for discrimination (F = 
13.7234, df 7,256) and visual memory (F = 7.8154, df 7,256) \ 
Age was not significant at the .01 level for visual-motor 
integration (F = 2.0610, df 7,256). 
Figure 1 shows the trend for errors to decrease with 
age for discrimination scores, while Figure 2. shows the 
same for visual memory. It must be remembered, however, 
the visual-motor integration is a construct composed of 
the difference between copying and discrimination, cor-
rected so that when the discrimination score was larger 
than the copying score, the difference was set at zero. 
Figure 3 represents the relative scores of discrimination, 
copying and visual-motor integration. Since discrimina- . 




Analysis of Variance of Visual-Motor Integration 
Error Scores for Sex, Age & IQ of the Child 
and Sex of the Examinera 
Source of Variance Degrees of Mean F 
Freedom Sguares 
SEX OF CHILD (S) 1 0.0498 0.0438 
SEX OF EXAMINER (X) 1 0.7998 0.7041 
IQ CATEGORY (I) 1 0.6123 0.5391 
AGE GROUP (A) 7 2.3411 2.0610* 
sx 1 1.0125 0.8913 
SI l 4.0498 3.5654 
XI l 0.2000 0.1760 
SA ? 0.8929 0. ,7861 
XA 7 o-;"4857 0.4276 
IA 7 0.2982 0.2625 
SXI 1 1.0125 0.8913 
SXA 7 2.8982 2.5515* 
SIA 7 0.4214 0.3710 
XIA 7 0.6143 0.5408 
SXIA 7 0.7410 0.6524 
Subjects (SXIA) 256 1.1359 
* p (.05 




















Figure 1. Pattern of scores for the Discrimination 
Task over Age (showing the decline of errors with in-
creasing age). 
Age Groups 
1: 6 - 6¼ 
2: 6¼ - 7 
3: 7 - 7¼ 
4: 7» - 8 
5: 8 - 8¼ 
6•· .. 8¼ - 9 
7: 9 - 9¼ 
















l 2 3 4 5 . 6 ~ 7 8 
Age Groups 
Figure 2. Pattern of scores for the Visual Memory 
Task over Age (showing the decline of errors with in-
creasing age). 
Age Groups 
1: . 6 - 6¼ 
2: 6¼ - 7 
3: 7 - 7¼ 
4• · .. 7¼ - 8 
5: 8 - 8¼ 
6: 8¼ - 9 


























Figure 3. Pattern of scores for the Discrimina-
tion, Copying and Visual-motor Integration over Age 
(showing that the similarity of pattern for discrimina-
tion and copying eliminat~s the age effect for the in-
tegration measure). · 
• - discrimination 
A - copying 
O - visual-motor integration 
1 •· .. 6 - 6¼ 
2: 6¼ - 7 
3: 7 - 7¼ 
4: 712 - 8 
5: 8 - 8¼ 
6: 8¼ - 9 
7: 9 - 9¼ 
8: 9¼ - 10 
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visual-motor integration which represents a difference 
score had no significance over a ge. 
A Newman-Ke uls test pe rformed on the age variable in 
the discriminat i on measure sho ws t hat the 6 - 6¼ year old 
group differs from all the other groups. The 6¼ - 7 year 
old group differs from the 9 - 9~ year old group and the 
9¼ - 10 year old group. No other groups were different 
from each other. Table 7 shows the mean scores over age 
for the discrimination task. 
A Newman-Keuls test was performed on the age variable 
in the visual-memory test. The order of the groups along 
the error dimension ranging from high to low was 7 - 7¼, 
6¼ - 7, 6 ·- 6¼, 7¼ - B, 8 - 8¼; 8¼ - _9, 9¼ - 10, 9 - 9¼. 
The results indicate that the 7 - 7¼ year old group was 
different from the 8 and 9 year olds. The 6¼ - 7 year 
old group was different from the 9 ye~± old groups. The 
6 - 6¼ year old group was different from the 9 year old 
groups. The first three groups were not, however, dif-
ferent from each other. Table 7 shows the mean scores 
over age for the visual memory task. Thus, the hypothesis 
was accepted for discrimination and visual memory. 
In addition, since visual memory is a composite score, 
determined by the difference between reproduction-from-
memory and copying, separate analyses of variance were 
performed on reproduction-from-memory and copying. Table 
8 presents the source table for the copying measure, while 
Table 9 p~esents the source table for the reproduction-
from-memory measure. Analysis of these tables shows that 
Table 7 
Error Scores for Traditional and 
Derived Measures over Age 
1 2 3 
D 6.275 4.20 3.42 
C 4.60 2.20 2.37 
R 13.30 11.17 12.05 
V-M •. 67 .37 












V-MI: Visual-Motor Integration 















Analysis of Variance of Copying Err.or 
Scores for Sex, Age & IQ of the 
Child and Sex of Examiner 8 
Source of Variation Degrees of Mean 
Freedom Squares 
SEX OF CHILD (S) 1 . 0.1531 
SEX OF EXAMINER ( X) · 1 0.0029 
IQ CATEGORY (I) 1 25.8779 
AGE GROUP (A) 7 77.5210 
sx 1 12.4031 
SI 1 6.9031 
XI 1 1.6531 
sA 7 2.4460 
XA 7 z. -4960 
IA 7 5-7996 
SXI 1 4.7529 
SXA 7 5.6530 
SIA 7 6.6958 
XIA 7 . 1.0173 
SXIA 7 2.0463 
Subjects (SXIA) 256 4.0952 


















8 Fmax = 203. Although no table for 64 variables is 
available, the cell variability appears to meet the 
· assumption of homogeni ty of variance. 
Table 9 
Analysis of Variance for Reproduction-from-
Memory Error Scores for Sex, Age & IQ 
of the Child and Sex of Examiners 
Source of Variation Degrees of Mean 
Freedom Sguares 
.SEX OF CHILD (S) 1 10.8784 
SEX OF EXAMINER (X) 1 85.0786 
IQ CATEGORY (I) 1 121.2786 
AGE GROUP (A) 7 226.7889 
sx 1 0.1536 
SI 1 14.8784 
XI 1 19.5034 
SA 7 17.6710 
XA ? ? ~-6282 
IA 7 6.7996 
SXI 1 19.5034 
SXA 7 12.4028 
SIA ? 9.3850 
XIA 7 55.6814 
SXIA 7 6.0967 
Subjects (SXIA) 256 8.6386 


















8 Fmax = 49, non-significant. Assumption of homogenity 
met. 
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both Reproduction-from-memory and Copying have significant 
age effects. Figure 4 shows the relative positions of 
error scores for visual memory and its components: : re-
production-from - memory and copying. This graph indicates 
that the difference between the measures of memory and 
the traditional measure of memory, i.e., reproduction-
from-memory, may be dramatic for the younger ages but 
less so with incre~sing age as copying errors decrease. 
A Newman-Keuls shows differences for the copying age 
scores in that the 6 - 6¼ yeer old group is different 
from all the others. The 6½ - 7 and the 7 ~ 7¾ year old 
groups differ from the 9 year old groups. Table 7 shows 
the scores for copying over age. 
A- Newman-Keuls for the reproduction-from-memory 
measure indicates that the 6 - 6¼ year old group differs 
from all groups except the 7 - 7¼ year old group. The 
7 - 7¼ year old group differs from all other groups ex-
cept the first group. · The 6¼ - 7 year old group differs 
from the 7¼ - 8 year old group. The 7¾ - 8 year old 
group differs from the 9 year old groups. The 8 - 8¼ 
year old group differs from the 9 - 9¼ year old group. 
Table 7 shows the scores for reproduction-from-memory 
over age. 
Hypothesi.§...1. It was hypothesized that sex of the examiner 
would not have an effect on any of the dependent measures. 
Table 2 shows the significant manover F for sex of examiner 
(F = 5.5169; df 1,256). Analysis of the individual summary 
































Figure 4. Pattern of scores for the Reproduction-
from-Memory, Copying and Visual Memory over Age (showing 
the effect of copying scores for the younger age groups). 
• - reproduction-from-memory 
4 - visual memory 
0- copying 
1:: 6 - 6;2 
2: 6;2 - 7 
3: 7-712 
4: 7½ - 8 
5 :· 8 - 8)2 
6: : 8;2 - 9 
7: 9 - 9¼ 
8: 9½ - 10 
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integration there was no sex of examiner effect (F = 
0.2185, df 256,1; and F = 0 .70 41, df 256,1 respectively). 
However, sex of examiner was si gnificant for the visual 
memory measure (F = 12.64, df 1,256). Tbe mean scores for 
visual memory and those measures from which it is derived, 
reproduction-from-memory and copying, are presented in 
Table 10. Inspection of Fi gure 5 shows that reproduction-
from-memory i.s responsible for the sex of examiner effect. 
Table 9 indicates a significant sex of examiner effect for 
reproduction-from-memory, while Table 8 shows no such ef-
fect for copying. 
Ancanalysis of the error scores obtained by each of 
the examiners separately to determine whether the scores 
obtained by one individual examiner could account for 
this difference. The means for the examiners of both 
sexes were compared and found to be identical. All the 
male examiners had the same average error 7.4, and both 
female examiners had identical values 8.4. There was no 
individual variation on the part of any single examiner. 
Thus, the hypothesis of no effect was only partially ac-
cepted •. 
Other Findings 
The hypotheses regarding the effect of assessment . 
variables were primarily concerned with main effects. 
There were no interactions significant at the .01 level 
on any of the three dependent measures, discrimination, 
visual-motor integration or visual memory. There were, 
however, some main and interaction effects ·which were 
... 
Table 10 
Error Scores of Reproduction-from-Memory, 
Copying and Visual Memory for 
Sex of Examiner 
Male Female 
Reproduction-from- 9.06 · --.-10.09 
Memory 
Copying 1.66 1.65 
Visual Memor 7.40 8.44 
62 •. 





























Figure 5. Pattern of error means for Reproduction-
from-Memory, Copying and Visual Memory for both sexes of 
examiner (showing that the primary effect of sex of 
examiner is within the reproduction-from-memory measure). 
• - Reproduction-from-Memory 
a - Visual Memory 
6 - Copying 
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significant at the .05 level. Although they were not 
part of the study as such, and despite the fact that they 
did not attain the level of confidence set for the ac-
ceptance of results, they will be mentioned here as in-
teresting findings. They will not be included in the 
norming aspect of this study since the chance that these 
findings are unreliable is too great to concretize in a 
set of norms. 
The main effect of IQ category of children was found 
at the .05 level on the visual memory measure (F = 5.4617, 
df 7,256). It was predicted that IQ . category would make 
a difference in the number of memory errors such that 
children with higher IQ's would make fewer errors than 
children with average IQ's. The mean error score for the 
above average group was 7.54; the mean for the average 
group was 8.26. The finding was in the expected direction. 
The main effect of age was found significant at the 
.05 ·level on the visual-motor integration measure (F = 
2.0610, df 1,256)~ It was predicted that age would make 
a difference in the number of visual-motor integration 
errors such that older children would make fewer errors 
than children who were younger. This result confirmed 
the prediction. The mean error scores of visual-motor 
integration over age are presented in Table 7. The finding 
was in the expected direction. 
The interaction effect of sex of the examiner and IQ 
category was significant at the .05 level for the visual 







Figure 6. Pattern of scores for the Visual Memory 
showing the Sex of Examiner by IQ category interaction. 
-----: female examiner 
---: male examiner 
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the errors obtained for the visual memory task, showing 
the interaction of sex of examiner and IQ category. It 
appears that within the above average group, the errors 
obtained by male as opposed to female examiners are dif-
ferent. Within the average intelligence category, there 
appears to be no difference. 
The interaction effect of sex of examiner, sex of 
the child and intelligence category was significant at the 
.05 level on the visual memory measure (F. = 4.5531, 
df 256,1)~ Figure 7 presents the errors obtained on the 
visual memory task, showing the interactions ~f sex of 
examiner, sex of child and IQ category. It appears that 
within the above average intelligence C8tegory, boys and 
girls tested by male examiners do not differ; boys and 
girls tested by female examiners do not differ; but child-
ren tested by males as opposed to females do differ in 
the error scores such that children tested by female 
examiners make more errors than children tested by male 
examiners. Within the average IQ category boys, tested 
either by males or females, increase errors as expected. 
Girls tested by male examiners, however, tend to make 
more than the expected number of errors for the switch 
in IQ level. Also girls tested by female examiners 
tended unexpectedly to make fewer errors within the average 
group as opposed to the above average group. 
The interaction effect of sex of examiner, sex of 
child and age was significant at the .05 level on the 
















Figure 7. Pattern of scores on the Visual Memory 
. task showing the Sex of Examiner, Sex of Child and IQ 
Category Interaction. 
··--·• •· a a 
•----4 
g. -- --G : 
boy examined by male 
girl examined by male 
boy examined by female 
girl examined by female 
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Figure 8 presents the errors obtained for the visual-
motor integration task, showing the scores of boys tested 
by male and female examiners over the eight age groups. 
Figure 9 presents the errors obtained for the same task, 
showing the scores of girls tested by male and female 
examiners over the age groups. More variability appears 
to be ~ssociated with the younger children's performance, 
and while cross sex teams, girls tested by males and boys 
tested by females, appear to show a consistent pattern of 
a decrease in errors over age, boys tested by males and 
girls tested by females appear to show much more variabil-















Figure 8. Pattern of scores for boys on the Visual-
Motor Integration task by Sex of Examiner (showing the 
differences among those tested by males and those examined 
by females). 
Age Groups 
1: 6 - 6¼ • .... examined by males 2: 6¼ - 7 a 0 examined by females 
3: 7 - 7¼ 
4: 7¼ - 8 
5: 8 - 8¼ 
6: 8¼ - 9 
7: 9 - 9¼ 













Figure 9. Pattern of scores for girls on the Visual-
Motor Integration task by Sex of Examiner (showing the 
differences among those tested by males and those tested 
by females). 
Age Groups 
1: 6 - 6¼ • . : examined by male 2: 6¼ - 7 rJ ·IJ : examined by female 
3: 7 - 7¼ 
4: 7¼ - 8 
5: 8 - 8¼ 
6: 8¼ - 9 
7: 9 - 9¼ 
8: 9¼ - 10 
Chapter V 
Conclusions 
This chapter will include a discussion of the de-
finitions of the terms used and the results of the inter-
correlations between the measures both traditionally 
thought of and the ones presented in this study. This 
discussion will also include the effects of tbe various 
assessment variables on visual memory performance. This 
will consist of the effects of sex, age and IQ~category 
of the child and sex of the examiner. It will also in-
clude a discussion of the separation of factors within 
v1sual memory functioning and the effects of the inde-
pendent variables on these measures. 
Measures . of Visual Processing 
Traditional Measures~ ]n the introductory chapter sets 
of definitions were presented so that the functional com-
plexity of the measures traditionally used in visual 
memory research could be made clear, and new definitions 
could eliminate the confounding of measures. One of the 
basic hypotheses of the present study was that traditional 
measures used in the assessment of visual memory were con-
founded by factors and abilities which interfered with the 
. collection of norms regarding visual memory. Such factors 
as discrimination and copying ability were identified as 
variables which are measured concurrently with visual 
memory when tested in a paper and pencil situation. It 
was predicted that discrimination, copying and reproduction-
•from-memory scores would be significantly related to -·each 
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other. The correlation results show that this is the 
case, that the three measures are significantly related. 
This finding shows that what has been used in the past as 
a measure of visual memory is indeed confounded, and that 
. other techniques must be developed if a measure of memory 
apart - from other visual considerations is desired. 
These results reconfirm the conclusions of Birch 
and Le.f.for-d (1967): ·who emphasized the multi-level func-
tional aomplexity of these processes. These results are 
also in line with the results of the Newcommer and Hammill 
(1973] study, the Rosenblith (1965) study, as well as the 
work o.f Simpson (1974) who suggested that perceptuaL 
functioning be separated into discrimination and inte-
gration. Wedell and Horns (1969) also found correlations 
between discrimination and copying. Only the results o.f 
Zach and Kaufman (1971) who found no relationship between 
discrimination and copying as measured by the Bender are 
at variance with the results found in the present study. 
They, however, criticized their own experiment on the 
basis of a lack of pure measure o.f discrimination •. 
While these studies confined their attention to per-
ceptual process and not with the memory factor, both per-
ceptual measures correlated highly with reproduction-
.from-memory. Thus, our measurement techniques and our 
conceptualization of them interfere with a pure assess-
ment of visual memory. This conclusion leads us to seek 
out definitions and assessment techniques of visual 
memory not related to other perceptual processes. 
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Derived Measures. The second basic hypothesis wDs that 
by utilizing the definitions set out in the introductory 
chapter, i.e., making distinctions between visual-motor 
integration and copying, and between reproduction-from-
memory and visual memory, measures of various visual pro-
cesses which were separate and unrelated to each other 
could be established. The results showed that among the 
measures of the concepts used in this study, discrimination, 
visual-motor integration and visual memory, there is no 
relationship, and that separate abilities were being 
measured. The use of this combination of tests indicates 
the clear possibility of differential diagnosis in the 
area of visual functioning in elementary schDol children. 
The use of these definitions as they have been set out 
eliminates confounding of measures and allows measurement 
of separate aspects of visual functioning. 
In the work of Paskewicz and Weaver (1975), pilot 
project for this research, the three tasks of discrimina-
.tion, copying and reproduction-from-memory were given to 
groups of second graders. Fifteen children took the dis-
crimination test, another fifteen received the copying 
test, while another fifteen were administered the repro-
duction-from-memory task. The mean scores and analysis 
~evealed that unmotivated children produced about twice 
as many copying errors as discrimination errors. In the 
motivated condition, the difference was .47 errors, a 
non-significant difference. 
In this study, conducted only under a motivating 
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condition, one similar to that used in the pilot study, 
the mean discrimination error for all children over all 
the age groups was 3.26. The mean copying error was 1.65. 
So there was a reversal of the exP,~cted ranges of scores. 
A lower discrimination than copying score was expected. 
What occurred was the reverse. In many of the 64 cells, 
the children made more discrimination errors than copying 
errors .. 
One of the differences between the two research 
projects was that in the pilot work the children received 
only one task, either the discrimination, copying or re-
production-from-memory. It is possible that while copy-
ing errors remained approximately the same atross the 
studies in the motivated condition (1.8 as compared with 
1.6), because of the nature of the task children in this 
study were less careful since they knew that they would 
be tested on many tasks and could not place all their con-
centration and attention on the first task despite the 
presence of the reinforcement. 
The fifty stimulus cards used in the discrimination 
test were designed to allow for the possibility of one of 
each type of scored error per card with some exceptions 
for the first few cards which had less possibilities for 
errors in copying, and correspondingly fewer for dis-
crimination. The model of visual functioning suggests 
that discrimination is a separate ability, and is used 
in the act of copying to monitor what has been drawn, 
and to correct errors based on the judgments o:f similarity 
or dif:ference. 
Zach and Kaufman (1971) :found a lack of relation-
ship between discrimination and copying, and explained 
this finding by suggesting that the measure of discrim-
ination they had used was inadequate. They had used a 
measure utilizing a multiple-choice format which possibly 
called upon more visual factors than discrimination. 
This study utilized what they had suggested: a matching 
pairs combination. · Results show a relationship between 
these measures as predicted, but unexpectedly found more 
discrimination errors than copying errors. 
It is possible that since there were five times more 
cards than in the copying task, and since these fifty 
cards represented possibilities for errors rather than 
offering errors in proportion to their actual occurrence 
in copying tasks, the chance for making more errors than 
in copying increases. Even seeing th~ _number of discrim-
inations to be made, and knowing that there were more tasks 
to do than just this one, may have forced the children to 
rush and make mistakes they would not have ordinarily 
made. And indeed, there is the possibility that they may 
have been checking out the reinforcement contingency ask-
ing the question what will happen if I answer incorrectly: 
will he/she give me the penny or not. It was observed 
that following incorrect judgments more apparent concen-
tration and time was given to the stimuli which followed. 
Another possibility is that there is an experiential 
factor taking place in that these children do more copying 
in school and receive £eedback on that skill, but are re-
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quired to do less formal discrimination work. The testing 
situation and procedures took for granted that the child-
ren would understand the same-difference directions and 
provided no practice for this task. So the number of 
errors for discrimination may be artificially high. Analy-
sis of the discrimination results showed that on the ave-
rage .7 errors occurred within the first few cards, or 
about 20 - 25 percent of the errors made. 
Since test construction and environmental factors 
are considered to have resulted in the error scores for 
discrimination exceeding the scores for copying, all 
scores that followed this pattern were placed at zero. 
This means that all the copying errors could be explained 
on the basis of discrimination errors. 
Variables Affecting Assessment of 
Visual Processing 
Sex of the Child. In the past, studies investigating sex 
differences among elementary school children on measures 
of visual perception have found no significant sex effect. 
This study reconfirms these consistent results. No sig-
nificant sex differences were found on any of the measures 
used in this study, nor in the measures traditionally 
used. Boys and girls performed equally on tests of dis-
crimination, copying and reproduction-from-memory, and 
on measures of visual-motor integration and visual memory •. -
Norms for these measures then need not reflect sex dif-
ferences. 
IQ category of the Child. In the past investigations in 
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general have found that children with higher intelligence 
scores do better on tests of discrimination. The results 
of this study confirm this finding. Children in the higher 
IQ category make significantly fewer errors than thos .e 
within the average IQ range. Rosenblith (1965), in com-
menting on the relationship between IQ and discrimination 
errors, concludes that the relationship appears to come 
from the lowest IQ .groups. Her study included varying 
numbers of children in IQ ranges beginning at 75 to over 
134. The present study which eliminated children below 
average IQ found a significant IQ effect. On the average 
the higher IQ children scored over one les$ error. While 
the relationship in the present study did not reach sig-
nificance (r = -0.21), children in the higher category 
did significantly better than children in the average 
1 category. Thus, while the higher IQ · group did better 
than the average IQ group, within the groups there was no 
relationship between IQ and discrimination. Results of 
this study, however, suggest that when reporting norms 
for discrimination, consideration be made to distinguish 
between IQ categories. 
IQ category was significant at the .05 level in the 
measure of visual memory. A significant IQ effect was 
predicted from the literature review. Belmont and 
Butterfield (1969) suggest that the superiority of more 
intelligent people in visual memory performance relates 
to acquisition abilities. Haith (1971} concludes from 
his study with children that developmental changes in 
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visual memory is not a factor of age changes in visual 
sensitivity, visual processing time, the ability to take 
in a large array of items, nor the a?ility to verbally 
encode these items. He suggests that the deficit be at-
tributed to a lack of strategy for encoding the items to 
be remembered. This suggests mediation and/or production 
hypotheses in explaining the significant effect of IQ 
category on memory ·performance. Indeed the test used to 
differentiate IQ category for most of the younger children 
without IQ scores in their school files was the PPVT, 
a verbal IQ test based on naming and coding pictures 
verbally. 
No effect for IQ category on the visua~-motor inte-
. 
gration measure was predicted. No significant effect was 
found. Issac (1971) , reviewed the literature concerning 
' the relationship between IQ and perceptual-motor function-
ing (copying), and found contradictory results. The . 
present study found a non-significant correlation between 
copying and IQ (r = -0.12). The correlation for visual-
motor integration and IQ was also non-significant (r = 
.03). It seems that the acquisition of visual input is 
affected by IQ but what happens to that input as it is 
associated with output is unrelated to intelligence. 
Age of the Child. Birch and Lefford (1967) found not 
only age differences in discrimination errors but also 
found that five year old children had developed a good 
discrimination ability and that errors fell off with in-
creasing age and occurred infrequently at ag~ nine. The 
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results of Rosenblith (1965) also indicate an age effect. 
The results of this study confirm these findings. Indeed, 
subsequent results show that the groups that were differ-
ent were the youngest groups, the six year olds. Even 
the younger six year olds were different from the older 
six year old~. No other groups were different. 
It was also predicted that visual memory would vary 
over age. Investigators who have studied the development 
of visual memory over age have all agreed that memory in-
creases with age •. The results again confirm this finding. 
The findings of this present study, however, for 
the measure of visual-motor integration indicate no age 
effect •. There are significant trends in development of 
beth discrimination and copying: : the skills that make up 
the definition of integration. Their patterns are parallel 
'such that their difference cancels ou~any developmental 
changes with age. It seems that when visual input is be-
ing integrated with motor output, and deficits in input 
and output are accounted for, the actual integration does 
not develop with age. The average integration error 
(.35) sugg~sts that integration has little to do with 
errors in visual processing. 
Sex of the examiner. The sex of examiner was originally 
included in this study as a variable to check the pos-
sible sex of examiner, sex of child and age interaction. 
Rosenblith (1965) found a hint in confounded data that 
younger girls would perform better, i.e., make fewer 
errors, on a discrimination task when examined by a woman. 
80. 
This variable remained in this study after it was found 
unfeasible to continue to test the five year old group 
on the present measures. No main effect or interaction 
was found for sex of examiner on the discrimination task 
nor the visual-motor integration task. However, the 
finding of the significant effect for visual memory was 
surprising. Since visual memory is a composite measure 
utilizing the tests of copying and reproduction-from-
memory, analysis of these measures was conducted to find 
where this effect was taking place. Reproduction-from-
memory was the task affected by the sex of the examiner. 
Children examined by women did poorer on this task; the 
difference was over one point. Explanation of this re-
sult is speculative and may revolve around interference 
in the children's mediational abilities in acquisition 
since this is most affected by other "?'3 riables, namely 
age and IQ of the child. It may be that since all the 
children had contact with only women teachers, the child-
ren experienced "test-performance anxiety"': feeling self-
pressure to do better when tested by a woman, fearing 
possible criticism for failure for less than expected 
results. 
Summary. The development of children's ability to dis-
criminate forms and to remember forms follows a familiar 
pattern of increase of ability with increase in age and 
IQ. Surprising was the lack of significance for any of 
the variables for the measure of visual-motor integration. 
For the purposes of norms, if the differences in obtained 
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scores are non-significant for se x , age and IQ of the 
child as well as for sex of the examiner, the integra-
tion appears to be a constant factor. The mean score 
for errors in integration, the score obtained by the 
subtraction of the discrimination errors from the copying 
error score, was .35 errors. This score was obtained by 
setting at zero all the instances where . the discrimination 
errors were larger . than copying scores. However, even 
when negative scores were allowed and analysed, producing 
a second measure of visual-motor integration, there were 
no significant main or interaction effects. Appendix D. 
presents the means and standard deviations for visual-
motor integration using the negative numbers, while 
Appendix E presents the anova summary table for visual-
motor integration using the negative numbers. This means 
that typically when we thought of the development of visual-
motor integration, or measured the effects of programs to 
develop this skill (Stodolsky & Karlson, 1972)~ we were 
-
measur ·ing copying abilities which are affected by age. 
The integration ability, made up of discrimination, and 
those skills that are involved in copying, may not be 
subject to developmental changes in elementary school, 
and if r are talking about integration we may be talking 
of a constant factor that adds little itself to the fac-
tors in~olved in poor memory performance. These statements 
are ten ;ative reflecting the qualifications surrounding 
the use of the discrimination measure. 
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Interaction effects 
Three interaction effects were found to be signifi-
cant at the .05 level. Although these effects · will not 
be considered in the establishment of norms, they are 
presented since they point to interesting results that 
might be replicated and investigated in more detail in 
the future. 
There was a signifj_cant interaction between sex of 
examiner and IQ category for the visual memory measure. 
Within the high IQ group, the errors obtained by child-
ren examined by male and female examiners appear to differ, 
while no difference appears in the average intelligence 
group. Either above average children tested by males are 
making fewer errors, or high IQ children tested by females 
are making more errors. Given the expected increase in 
errors with the average IQ category, the scores obtained 
by . the male examiner going from · 6.6 to 8.o, from the above 
average to the average group, seems appropriate. The 
scores obtained by the female experimenters went from 
8.42 to 8.46; no significant difference. If we are going 
to be consistent with the literature on memory and IQ 
then it must be concluded that the women examiners are 
obtaining higher error scores than expected from the high 
IQ group. In all cases the examiners knew the IQ of the 
child. 
Appropriate sex role conflicts are more salient for 
brighter children. In this culture it is more appropriate 
to perform for men whether the performer is a boy or a 
girl. Girls who have high IQ's may not be encouraged by 
women to show their true capacity (measured by the errors 
produced for male examiners) as this may not be appropriate 
for girls to do well. Boys on the other hand may discount 
their performance since it is for a female examiner. In 
all cases children had the opportunity to see other child-
ren being tested by examiners of both the same and opposite 
sex. Boys being tested by women may not try as hard since 
they don't have to please a woman • . This effect must be a 
strong one to overcome the effects of the b'uilt in motiva-
tion system~ 
An alternative hypothesis may revolve around a gen-
eralization of expectation from their classroom teacher, 
a woman. Their teacher may expect the Qright children to 
do better, and the children carry this feeling into the 
testing situation where it interferes with their ability 
to remember. Such results are ripe for replication and 
hypothesis testing. 
The interaction of sex of examiner, sex of child and 
IQ category on the visual memory measure further illumin-
ates the problem. This interaction was significant at 
the .05 level. It appears that for female examiners 
testing high IQ children, both boys and girls did more 
poorly, perhaps for different - reasons. Boys may well 
discount their performance as being one for a woman and 
therefore they don't have to perform well. Girls may 
be discouraged by the women from showing off their abil-
ities. Girls may be punished by females for performing 
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well. It is suggested that fear of success must start 
somewhere in childhood, perhaps as early as first grade. 
Children, both boys and girls who are bright, when 
tested by males produce fewer errors. In this culture 
performance is directed at men who reward good performan-
ces especially in girls. 
The shift to the average IQ children shows some in-
teresting results. Boys, iested by males or females, 
produce more errors, errors not unexpected on account of 
IQ differences. Girls, on the other hand, produce many 
more errors than expected for male examinerso They may 
be in some sense feeling the effects of punishment by 
males in general for not being smarter. Gir~s, on the 
other hand, make fewer errors in the average as opposed 
to the above average IQ gr?up. This may reflect .the fact 
that they are not feeling the effects of being punished 
by women in general, and thus can relax and perform with 
less anxiety interference. It must be remembered that 
all these conclusions are speculative and represent only 
attempts to make some sense of surprising data, especially 
in a world sensitive to sexist issues. 
The sex of child, sex of examiner, and age interac-
tion for the visual-motor integration measure was signi-
ficant at the .05 level. The variability of scores for 
same-sex relationship in the testing situation as op-
posed to cross-sex stable pattern of decrease of errors 
over age, shows no immediate pattern. The finding of 
more errors for the third age group, the 7 - 7¼ year olds, 
when tested by a member of the same sex is curious, and 
perhaps reflects the change over from school as fun to 
school as the place to read and work and the reaction 
to that change differentially taking place in the situa-
tion of the testing over sex of examiner. This pattern 
should be watched in future studies to see if it is re-
plicated. If so, investigation of the relationships in 
second grade may be interesting to follow up. 
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Chapter VI 
Implications of this Research 
Implications for Dia~nosis of Visual Processing Abilities 
Three Derived Measures. The main purpose of this re-
search was to investigate visual memory abilities in 
elementary school children. The investigation focused 
on establishing separate and independent measures for 
visual processing abilities so that one could separate 
out the confounding factors in visual memory performances. 
This was important so that with this testing differential 
/ 
diagnosis could be carried out to examine what factors 
might be involved in poor visual memory performance. De-
cisions regarding the nature of the visual processing 
difficulty can now be made with regard to discrimination, 
visual-motor integration, visual memory as well as copy-
ing and reproduction-from-memory. Such differential 
diagnosis allows for the precise planning and management 
of remediation programs for the visually learning dis-
abled, since for the first time correct diagnosis is 
perhaps available through use of -these measures and 
these techniques. The main usefulness of this work 
will come in schools and clinics where referred child-
ren will be examined and a description of their visual 
processing -abilities prepared to show strengths and 
weaknesses so that more effective programming might 
bring to focus on the specific nature of the disability 
as ~pposed to global notions of the presence of nper-
ceptual" problems. 
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Need for Revised Norms. Since this study utilized more 
exact measures of visual processing abilities, and since 
the testing was conducted under motivating conditions to 
bring out the capacity of the child as opposed to unmoti-
vated performance, and since investigation was carried 
out to discover and identify those variables within the 
testing situation itself that may affect performance on --
these measures, new norms must be established to reflect 
normal functioning on these measures for varying signifi-
cant conditions. The data coming from this present study 
sets up a series of norms for the measures used. These 
norms represent the mean functioning of children with 
consideration of their sex and age and IQ category as 
well as the sex of the examiner •. Where these variables 
affected performance, they are reflected in the norms. 
In addition these norms were established by testing under 
motivated conditions. Future clinical testing should fol-
low this practice to eliminate any sources of variance 
which could be accounted for by attention and motivation •. 
It is not known how the variables would have interacted 
with the data under non-motivated conditions. Since 
these norms reflect data collected under such conditions, 
the mean errors listed vary from the Benton norms and in 
most cases the errors reported here are less. 
In addition, replacing the procedure of calculating 
the difference from the expected value and assigning diag-
nostic implications to the magnitude of the distance, the 
standard deviation of each norm is listed. Errors greater 
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than the mean plus one standard deviation are indica-
tive of a child who has a weakness in this area. 
Separate norms have been provided for Discrimination, 
Copying, Reproduction-from-Memory, Visual-Motor Integration 
and Visual Memory. See Appendices F, G, H, I and J. Exis-
tence of such norms and attendant definitions provided in 
Chapter I give a base line against whi ·ch the performance 
of any individual child may be compared. It is hoped that 
these norms will aid both in the judgment of who has a 
learning disability, i.e., identify disabled children, as 
well as provide differential diagnostic information as to 
the specific nature of the disability. 
Implications for Future Research 
The results of this study leave many questions open, 
and thus raise research possibilities •. 
.. Qualitative Analysis.. This project ce>p.centrated on the 
development of various aspects of visual perception in 
elementary school children~ Discrimination, visual-motor 
integration and visual memory were studied by an evaluation 
of the quantitative aspects of errors produced in the con-
text of various environmental assessment conditions. The 
errors in each of the measures considered could be further 
analyzed in qualitative terms. Possible error categories 
include stimulus omissions, distortions, rotations, mis-
placement and size change. Each of these error categories · 
has its own developmental history with regard to the rela-
tive frequency of occurrence over age. Detailed listings 
of expected error rates at each age category within the 
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assessment conditions would help in specific diagnosis 
within each dimension of visual functioning. Indeed 
comparisons of the magnitude and range category of the 
type of error could be made across the various visual 
processes. Such an analysis is in progress at the present 
time. 
Sex of Examiner~ The surprising finding of a significant 
sex of examiner variable as well as significant inter-
actions (p( .05) for sex of examiner by IQ category, and 
sex of child and sex of examiner and IQ category bear fur-
ther investigations and replications. 
We assume the condition that elicits the more accurate 
performance reflects what the average child is capable 
of while the higher error rate produced by bright children 
for women examiners probably indicates the presence of in-
terference. It may well be that intelligent children 
either are more sensitive to the conflicts revolving 
around their sex role status or the conflicts are more 
real for them: : picking up either achievement pressure or 
achievement "underplaying" from female examiners or gen-
eralizing that expectation from their experiences with the 
classroom teacher. 
The interaction of bright children with female ex-
perimenters might be investigated in terms o:f generaliza-
tion or familiarity. All the children in the present 
study had female teachers throughout their elementary 
school careers. A look at the sex of examiner variable 
with children who have been exposed to male teachers may 
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produce different results. Also varying the degree of 
"liberated" attitudes and behavior on the part of the fe-
male teachers may play a part in this finding. 
Further replication of the unexpected sex of child, 
sex of examiner, IQ category interaction involving the 
reversal of the error rates expected for IQ. categories 
(expecting brighter children to make fewer errors) in the 
case of girls tested by women, as well as the more than 
expected increase in errors for girls tested by men within 
the average IQ range, appears necessary. It may well be 
that sex role expectations even in elementary school are 
beginning their effect on modes of ~nteraction in the world 
involving showing competence and beginning of the fear of 
success. 
Discrimination Task Redesigning. While the pilot study 
indicated fewer mean discrimination errors than copying 
errors for second graders (the difference being non-
significant in the motivated condition, and thus essen-
tially being zero), the present research noted greater 
discrimination err0rs than copying errors. For reasons 
explained in the last chapter, this reversal of expected 
results reflects a disproportionate error chance using 
the current form of the discrimination test. , The version 
of the test used in the present study made comparisons 
possible for all error categories for most of the stimuli. 
However, qualitative analysis of errors in copying might 
reveal fewer practical possibilities within the 6 to 10 
year ran ge. Such redesigning of the discrimination test 
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in terms of better selec t ion of the appropriate stimulus 
cards and the number to be used, makes possible a method 
of getting a be tt er analysis of the children's average 
functionin g . Studies should be carried out to determine 
the reliability of t his new test instrument, as well as 
norming it for use in differential diagnosis. 
Levels of reinforce ment. The tests used in this research 
were administered utilizing motivating conditions, i.e., 
the children were reinforced with pennies during test 
performance. Such a procedure significantly reduced 
errors on visual processing tests. However, this proce-
dure while necessary to establish base rates of function-
ing while minimizing possible interfering factors such as 
lack of attention, is expensive and impractical for 
screening purposes within school districts where diagnos-
tic evaluations are required in large numbers. The use-
fulness of this procedure as a clinical mathod with an 
individual person referred for evaluation is clear and . 
its use recommended. Relevant literature reviewing the 
possible effectiveness and use of a variety of reinforce~ 
ment techniques, including variations of the reinforcer 
(Kulberg, 1967), and secondary techniques, may provide us 
with information regarding more practical levels of rein-
forcement. The research of Paskewicz and Weaver (1975) 
indicating a significant reduction of errors in the moti-
vated condition _(promis~ and immediate payment of pennies ~ 
for the discrimination and copying tasks is at variance 
with Issac's (1971) finding of no difference for the use 
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of no motivation when defined as the promise of candy. 
This promise was, however, linked to improved performance 
over equivalent tasks, not on the exact same task. It is 
possible that this variation eliminates feelings of failure, 
and thus allows the reinforcers to be reinforcing. So it 
is possible that symbolic reinforcers and promises may 
work as well as concrete ones. Variations of reinforcers 
in level as well as dimension can vary with age of the 
_child as well as other relevant socio-psychological factors. 
Levels of Intelligence. B~nton published norms based on 
seven levels of intelligence. IQ category as a variable 
was significant only for the discrimination task. The 
literature on the relationship between IQ and discrimina-
tion errors indicated a possible difference between average 
and above average children~ Finer differentiations of IQ 
within the discrimination test might reveal interesting 
results concerning their interaction, despite the lack of 
a significant overall correlation (r = -0.21) between dis-
crimination scores and IQ for the total 320 children in 
this present study. 
Norms for Retarded Children. This project was . limited to 
average and above average children since the results, in 
terms of norms, were intended to be useful for diagnosing 
specific learning disabilities which excludes mentally 
retarded children. However, while retardation may lower 
average functioning, specific strengths and weaknesses for 
various functions are still present. Differential diag-
nosis of such abilities in MR children may help in the 
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planning of more specific remediation. T4erefore, ex-
tension of the norms to lower levels of IQ would be help-
ful. 
Relationship with Non-Motor Tests. Recently interest in 
the non-motor test of visual processing has been increas-
ing. Carroll (1974) has published a non-motor test of 
visual memory involving multiple-choice following exposure 
to a stimulus card~ This method was introduced to compen-
sate for the two major limitations of the reproduction 
technique: its impractability with younger CA and MA 
children as well as motor handicapped children. It is 
possible, however, that this t ype of memory assessment 
evaluates a different aspect of memory skills. In addi-
tion it is probable that errors associated with a weak-
ness in differentiation ability and those associated with 
multiple-c t oice decision making confound these scores. 
It is important to discover whether these measures of 
visual memory, the reproduction-from-memory minus copy-
ing type, the non-motor choice type and possibly the 
non-motor minus discriminati on, are related and are meas-
uring the same dimension of memory. If they are the easi-
est to administer, then they make the most sense for use. 
Prediction. The importance of accurate measures of visual 
memory results from its usefulness in predicting school 
related criterion, such as reading scores. Multiple-
regression equations with the measures of visual pro-
cessing as the independent variables could be used to 
predict reading scores~ the dependent variable. The 
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relative import ance of the visual skills could be determined. 
It is possible tha t some of these skills, while be ing con-
sidered a defici t , may not relate highly to academ i c func-
tioning, so that remedial efforts directed at improving 
skills related to test measured may be irrelevant to im-









Discrimination Means and Standard Deviations 
1 2 3 4 5 6 7 8 
BMH 6.00 3.20 2.80 1.80 2.20 1.00 . 1.80 3.20 
4.15 1.33 3.65 0.75 2.23 0.89 0.40 1.72 
BMA 8.00 6.60 4.40 3.80 3.60 2.20 3.60 3.00 . 
5.48 2.94 2.06 1.33 2.80 0.98 1.02 1.41 
BFH 5.60 4.40 2.80 1.80 1.00 2.40 1.60 1.20 
3.38 1.63 2.14 1.60 1.27 0.49 1.63 1.47 
BFA 5.20 5.40 3.40 3.00 4.00 1.80 3.80 2.40 
2.99 2.06 1.36 1.67 2.10 2.71 1.47 1.86 
GMH ·5.20 1.00 4.00 0.80 3.20 2.60 3.60 2.20 
3.25 0.89 2.61 0.40 2.14 1.63 2.15 0.98 
GMA 6.60 4.60 3.00 2.40 3.80 3.80 1.60 1.00 
0.49 1.96 2.61 2.42 2.23 2.04 1.02 1.10 
GFH 5.40 3.40 3.20 2.20 2.20 2.60 0.60 2.40 
4.41 2.25 1.72 2.23 1.17 2.15 1.20 1.20 
GFA 8.20 5.00 3.80 3.60 4.00 3.40 1.20 1.60 
3.82 1.79 2.48 1.20 lc09 1.86 0.40 1.02 
B:- boys 
G: girls 
M: male examiner 
F: female examiner · 
H: above average (high) IQ 
A: average IQ 
APPENDIX B 




Visual-Motor Integration Means and 
Standard Deviations 
BMH o.o o.o 2.00 o.o 0.80 1.00 o.o o.o 
o.o o.o 3.52 o.o 0.75 0.63 o.o o.o 
BMA 0.20 o.o 0.80 o.o 0.60 o.o o.o 0.20 
0.40 o.o 1.17 o.o 1.20 o.o o.o _0.40 
BFH 1.00 1.20 0.40 0.40 0.60 0.20 0.20 0.20 
1.55 2.40 0.80 0.49 0.80 0.40 0.40 o •. 4o 
' BFA 0.60 o.o o.o 0.20 o.o 0.20 o.o 0.20 
1.20 o.o o.o 0.40 o.o 0.40 G.O 0.40 -
GMH .1.00 0.80 o.o 0.40 o.o o.o o.o o.o 
1.55 1.17 o.o 0.80 o.o o.o o.o o.o 
GMA 0.40 0.60 0.20 0.60 o.o o.o 0.20 o.o 
0.80 - 1.20 0 • .40 1.20 o.o o.o 0.40 o.o 
GFH 0.40 0.20 1.00 0.40 o.o 0.20 0.40 o.o 
0.80 0.40 1.55 0.80 o.o 0.40 0.49 o.o 
GFA 1.80 0.20 1.80 o.o o.o 0.40 0.60 0.20 
3.60 0.40 1.60 o.o o.o 0.80 0.80 0.40 
B:· boys 
G: girls 
M: male examiner 
F: female examiner 
H·· •- above average (high) IQ 
A: :. average IQ . . 
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M: male examiner 
















1 • .86 
H: above average (high) IQ 
A: average IQ 
5.60 5.00 8.00 
1.50 1.67 1.41 
9.20 8.80 6.60 
5.27 4.58 1.63 
9.40 7.00 6.80 
2.50 2.19 2.56 
10.80 9.60 5.40 
1.72 1.63 2.06 
6.00 7.20 4.60 
1.41 1.38 1.36 
6.60 6.80 6.60 
1.50 3.43 2.80 
6.80 7.40 6.00 
2.79 2.33 0.89 
6.40 7.80 6.40 


















Visual-Motor Inte gration Means and 




Visual-Motor Integration Means and 
Standard Deviations Using Negative Numbers 
BMH -2.60 -2.20 o.oo -1.40 o.4o 1.00 -1 .. 60 -2.80 
1.02 1.72 5.22 1.02 1.20 o.63 0.49 1.60 
BMA -4.00 -1.60 -0.80 -3.20 -2.00 -1.80 -3.20 -2.40 
4.24 1.86 2.79 1.72 3.52 0.75 1.33 2.15 
BFH -0.60 -3.80 -1.00 -0 .. 60 o.oo -1.80 -1.20 -1.00 
2.87 1.94 2.28 1.63 1.67 1.47 1.94 1.67 
BFA -1.00 -2.20 -2.60 -1.20 -3.00 -1.00 -3.60 -2.20 
2.97 1.83 1.20 1.33 2.28 2.53 1.36 2.16 
GMH -2.00 0.60 -2.40 0.20 -2.40 -2.20 -2.40 -2.00 
4.00 1.36 2.25 0.98 1.96 1.72 1.50 1.27 
GMA -0.80 -2.20 -1.80 -1.00 -3.40 -1.60 -1.40 -0.80 
1.72 3.31 1.72 2.90 2.50 1.86 1.36 0.75 
GFH -1.60 -2.00 -0.20 -1.60 -2.00 -2.20 -0.20 -2.20 , 
2.42 2.19 2.48 2.73 1.41 2.14 1.47 0.98 
GFA, -1.20 -2.60 0.40 -1.60 -2.40 -2.20 . o.oo -1.20 
5.56 2.06 3.61 1.02 1.36 2.93 1.41 1.33 
B: boys 
G: girls 
M: male examiner 
F: female examiner 
H: above average (high) IQ 
A: average IQ 
APPENDIX E 
Analysis of Variance for Visual-Motor Integration 
Using Negative Numbers for Sex, Age and IQ 
of the Child and Sex of the Examiner 
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Appendix E 
Analysis of Variance for Visual-Motor Integration 
Using Negative Numbers for Sex, Age and IQ 
of the Child and Sex of the Examiner 
s -ource of Variation Degrees of ·Mean 
Freedom Sguares 
SEX OF CHILD (S) 1 0.5281 
SEX OF EXAMINER (X) 1 0.0029 
IQ CATEGORY (I) 1 10.8779 
AGE GROUP (A) 7 4.6531 
sx 1 2.2781 
SI 1 14.0281 
XI 1 0.0281 
SA 7 9.7067 
XA 7 4.6817 
IA 7 6.3281 
SXI 1 0.5281 
SXA 7 9.4995 
SIA 7 7-3638 
XIA 7 4.n924 
SXIA 7 2.4208 



















Norms for Discrimin a tion Measure 
106. 
Appendix F 
Norms for the Discrimination Measure 8 
Age: IQ, Category 
90 - 1] 0 Above 110 
6 - 6¼ 7.00 (3.96) 5.55 (3.94-) 
6¼ - 7 5.4-0 (2.4-2) 3.00 (2.08) 
7 - 7¼ 3.65 (2.30) 3.20 (2.75) 
7¼ - 8 . 3.20 (1.85) 1.65 (1.57) 
8 - 8¼ 3.85 (2.21) 2.15 (1.9 8 ) 
8¼ - 9 2.80 (2.22) \ 2.15 (1.63) 
9 - 9¼ 2.55 (1.61) 1.90 (1.89) -
9¼ - 10 2.00 1.62) 2.2 
8 Mean and (Standard Deviation) 
APPENDIX G 
Norms ~or Visual-Motor Integration Measure 
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Appendix G 
Norm for Visual-Motor Integration Mea~ure 8 
• 
0.35 (1.06) 
8 Mean and (Standard Deviation) 
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APPENDIX H 
Norms for Visual Memory Measure 
110. 
Appendix H 
Norms for the Visual Memory Measurea 
Age: Sex of Examiner 
male female 
6 - 6¼ 8.55 (2.89) 9.00 (2.79) 
6¼ - 7 7.60 (3 .09) 10.35 (2.37) 
7 - 7¼ 9.10 (2.86) 10.25 (2.69) 
7¼ - 8 7.40 (3.79) 8.70 (2.36) 
8 - 8¼ 6.85 (3.33) 8.35 (3.44) 
. 8¼ - 9 6.95 (3.47) 7.95 (2.37) 
9 - 9¼ 6.45 (2.31) 6.15 (1.95) 
9¼ - 10 .90 2.69 6.80 1.99 
8 Mean and (Standard Deviation) 
111. 
APPENDIX I 
Norms for the Copying Measure 
112. 
Appendix I 
Norms for the Copying Measure 
Age: Mean and Standard Deviation 
6 - 6)2 4.60 (3. 75) 
6)2 - 7 2.20 (2.43) 
7 - 7¼ 2.38 (2.33) 
7¼ - 8 1.13 (1.13) 
8 - 8)2 1.15 (1.51) 
8)2 - 9 1.00 (1.47) 
9 - 9¼ 0.53 (1.01) 
91.! - 10 0.30 (0.52) 
113. 
APPENDIX J 
Norms for the Reproduction-from-Memory Measure 
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Appendix ,J 
Norms for the Reproduction-from-Memory Measure 
Age: Male Examiner 
IQ category 
90 - 110 Above 110 
6 - 6}2 13.90 ~-2.85) 11.60 (3.89) 
6}2 - 7 11.60 ; (3 .06) 8.60 (3.44) 
7 - 7¼ 12.40 (2.41) 10 .. 40 (2.88) 
7¼ - 8 9.80. ( 4. 37).: 6.70 (2.58) 
8 - 8}2 8.90 (4.53) 7.50 (2.27) 
8}2 - 9 9.to (3.84) 7.30 (1. 95) 
9 - 9¼ 6.90 (2.51) 7.80 (3.85) 
9¼ - 10 6.80 2. 8' .70 (2.67 
Age:: Female Examiner 
IQ Category 
90 - 110 Above 110 
6 - 6}2 14~10 (3.45) 13.60 (3.24) 
6}2 - 7 12.90 (3. 78);, 11.60 (2.32) 
7 - 7¼ 12.50 (2.27) 12.90 (2.92) 
7¼ - 8 10.10 c2.85) 10.30 (i2. 31} 
8 - 8J2 9.90 (3.35) 8.70 (3.06) 
8¼ - 9 9.70 (1.83) 7.70 (3~23) 
9 - 9¼ 6.60 (2.37) 6.80 (2.06) 






Subject* Ilise. Copying Repro. 
11111 3 2 ·' 7 
11112 2 1 13 
11113 3 1 6 
11114 12 9 19 
11115 10 6 15 
11211 18 8 16 
11212 6 5 15 
11213 9 1 11 
11214 5 6 13 
11215 2 0 8 
11121 4 1 6 
11122 3 3 15 
11123 1 0 13 
11124 3 1 9 
11125 5 0 7 
11221 10 8 15 
11222 10 12 13 
11223 6 4 13 
11224 3 0 9 
11225 4 1 7 
11131 0 9 11 
11132 10 3 --· 10 
· 11133 2 0 13 
11134 1 2 14 
11135 1 0 10 
11231 7 3 17 
11232 6 2 13 
11233 5 5 14 
11234 2 5 12 
11235 2 3 11 
11141 2 1 9 
11142 1 1 3 
11143 1 0 6 
11144 3 0 8 
11145 2 0 9 
11241 4 0 5 
11242 6 1 12 
11243 . 4 0 8 
11244 2 2 10 
11245 3 0 2 
11?. 
S:ilbject* Disc. Copying Repro. 
11151 0 1 4 
11152 2 1 6 
11153 3 4 11 
11154 0 2 9 
11155 6 5 11 
11251 9 1 18 
11252 2 0 13 
11253 1 0 2 
11254 3 6 12 
11255 3 1 9 
11161 0 1 6 
11162 2 2 10 
11163 1 2 6 
11164 0 1 4 
11165 2 4 • 9 
11261 3 1 10 
11262 3 0 3 
11263 3 1 12 
11264 1 0 16 
11265 0 o. 5 
11171 1 0 6 
11172 2 0 18 
11173 2 0 9 
11174 2 0 7 
11175 2 l 9 
11271 2 1 9 
11272 5 0 5 
11273 4 ff 6 
11274 3 0 5 
11275 4 1 10 
11181 3 0 5 
11182 4 1 6 
11183 4 1 7 
11184 0 0 .- 0 
11185 5 0 7 
11281 4 0 5 
11282 5 . 0 5 
11283 3 0 4 
11284 1 2 10 
11285 2 1 2 
118. 
,. 
Subject* Disc. Copying Repro. 
12111 10 6 14 
12112 5 2 11 
12113 9 10 20 
12114 2 6 14 
12115 2 1 11 
12211 5 5 16 
12212 3 6 13 
12213 8 2 12 
12214 1 1 7 
12215 9 7 20 
12121 6 1 15 
12122 6 0 .: 10 
12123 2 1 9 
12124 5 0 10 
12125 3 1 12 
12221 3 3 13 
12222 4 4 14 
12223 6 3 15 
12224 5 1 8 
12225 9 5 20 
12131 2 4 13 
12132 1 0 10 
12133 2 1 16 
12134 2 2 8 
12135 7 2 11 
12231 2 0 11 
12232 2 o. 11 
12233 5 L 16 
12234 3 2 14 
12235 5 1 10 
12141 0 1 9 
12142 2 2 10 
12143 0 1 9 
12144 4 1~ 10 
12145 3 1. 13 
12241 2 L 6 
12242 5 2 11 
12243 1 0 11 
12244 5 3 16 
12245 2 3 9 
119. 
S.ubject* Disc. Copying Repro. 
12151 0 2 9 
12152 0 0 10 
12153 0 0., 14 
12154 3 0 8 
12155 2 3 11 
12251 6 3 14 
12252 1 1 11 
12253 5 0 12 
12254 2 1 9 
12255 6 0 13 
12161 3 0 7 
12162 2 0 5 
12163 2 3 14 
1216 1+ 2 0 7 
12165 3 0 5 
12261 7 1 8 
12262 0 ff 12 
12263 0 0. 10 
12264 0 1 10 
12265 2 : 2 12 
12171 3 0 3 
12172 0 0 11 
12173 0 ·o,- 7 
12174 4 0 7 
12175 1 2 8 
12271 4 0 3 
12272 1 0 5 
12273 5 0 9 
12274 4 0 6 ~ 
12275 5 1 5 
12181 1 0 7 
12182 1 0 5 
12183 0 0 9 
12184 4 0 6 
12185 0 l! 8 
12281 4 0 3 
12282 1 0. 6 
12283 5 0 9 
12284 2 0 9 
12285 0 r 1 9 
120. 
Subjects* '· Disc •. Copying Repro. 
21111 0 1 12 
21112 9 4 11 
21113 7 11 12 
21114 3 0 8 
21115 7 0. 13 
21211 7 6 12 
21212 6 8 16 
21213 7 4 16 
21214 7 7 17 
21215 6 4 15 
21121 0 0 4 
21122 2 1 5 
21123 1 1 8 
21124 0 3 10 
21125 2 3 9 
21221 4 Q_: 11 
21222 4 2 14 
21223 5 4 10 
21224 2 5 16 
21225 1 1 8 
21131 3 0 5 
21132 6 0 7 
21133 8 5 14 
21134 1 1 10 
21135 2 2 10 
21231 1 0 9 
21232 8 2 15 
21233 2 0 11 
21234 3 2 10 
21235 1 2 12 
21141 1 1 2 
21142 0 0 8 
21143 1 0 5 
21144 1 3 8 
21145 1 1 9 
21241 2 1 13 
21242 Q . 0 18 
21243 7 1 10 
21244- 1 4 11 
21245 2 1 9 
121. 
Subjects* Disc. Copying Repro. 
21151 2 0 8 
21152 7 1 6 
21153 1 1 7 
21154 4 2 6 
21155 2 0 7 
21251 2 1 9 
21252 8 0 6 
21253 4 0 8 
21254 2 9 7 
21255 3 1 5 
21161 1 0 5 
21162 1 1 8 
21163 5 0 8 
21164 4 1 8 
21165 2 0 9 
21261 1 0 11 
21262 3 1 8 
21263 7 2 12 
21264 5 5 7 
21265 3 3 7 
21171 3 0 6 
21172 7 5 7 
21173 5 0 5 
21174 1 0 5 · 
21175 2 1 6 
21271 0 l · 5 
21272 2 0 10 
21273 3 0 5 
21274 1 0 10 
21275 2 0 4 
21181 3 0 7 
21182 3 0 4 
21183 1 1 4 
21184 3 0 10 
21185 1 0 7 
21281 0 0 8 
21282 1 0 10 
21283 3 1 9 
21284 0 0 6 
21285 1 0 9 
122. 
Subjects* Disc. Copying Repro. 
22111 3 5 14 
22112 5 5 16 
22113 14 9 16 
22114 2 00 11 
22115 3 0 9 
22211 8 4 13 
22212 8 4 13 
22213 9 18 15 
22214 14 7 17 
22215 2 2 15 
22121 0 ,0 12 
22122 3 0 10 
22123 4 1 12 
22124 7 2 10 
22125 3 4 16 
22221 7 5 14 
22222 4 1 7 
22223 2 3 13 
22224 6 1 . 15 
22225 6 2 10 
22131 2 .3. -- 13 
22132 4 1 12 
22133 3 1 13 
22134 6 10 18 
22135 1 0 15 
22231 1 5 12 
22232 2 1 9 
22233 5 7 15 
22234 8 2 14 
22235 3 6 13 
22141 6 0 8 
22142 2 1 7 
22143 3 ff 12 
22144 0 0 10 
22145 0 2 15 
22241 5 4 12 
22242 3 1 11 
22243 2 2 8 
22244 3 1 10 
22245 5 2 7 
123. 
Subjects* Disc. .Copying Repro. · 
22151 1 1 5 
22152 4 0 9 
22153 3 0 10 
22154 1 0 3 
22155 2 0 8 
22251 4 2 6 
22252 3 3 8 
22253 3 0 5 
22254 .6 3 ? 
22255 4 0 14 
22161 4 0 4 
22162 6 1 11 
22163 2 0 6 
22164 0 1 11 
22165 1 0 ? 
22261 .--2 1 9 
22262 6 0 11 
. 22263 5 0 9 
22264 3 5 10 
22265 1 0 6 
22171 0 0,. 7 
22172 • 0 0. 5 
22173 0 1 6 
22174 3 Q_: 7 
22175 0 1 ? 
22271 2 0 8 
22272 1 3 11 
22273 1 1 6 
22274 1 0 5 
22275 1 2 8 
22181 1 0 5 
22182 3 0 6 
22183 3 Q, 4 
22184 4 1 6 
22185 1 0 6 
22281 2 1 9 
22282 3 0 . 10 
22283 1 0 5 
22284 0 1 10 
22285 2 0 9 
*The first digit designates the sex of the child 
(boy or girl); the 2nd the sex of the examiner 
(male or female); the 3rd the IQ category (high 
or average); the 4th the age group (one - eight); 
& 5tb, the within group subject number. 
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